A STUDY OF PROXIMITY EFFECTS IN CERTAIN REACTIONS OF ORTHO SUBSTITUTED BENZENEBORONIC ACIDS by POLEVY, JOHN HENRY
University of New Hampshire
University of New Hampshire Scholars' Repository
Doctoral Dissertations Student Scholarship
Spring 1960
A STUDY OF PROXIMITY EFFECTS IN
CERTAIN REACTIONS OF ORTHO
SUBSTITUTED BENZENEBORONIC ACIDS
JOHN HENRY POLEVY
Follow this and additional works at: https://scholars.unh.edu/dissertation
This Dissertation is brought to you for free and open access by the Student Scholarship at University of New Hampshire Scholars' Repository. It has
been accepted for inclusion in Doctoral Dissertations by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact nicole.hentz@unh.edu.
Recommended Citation
POLEVY, JOHN HENRY, "A STUDY OF PROXIMITY EFFECTS IN CERTAIN REACTIONS OF ORTHO SUBSTITUTED
BENZENEBORONIC ACIDS" (1960). Doctoral Dissertations. 770.
https://scholars.unh.edu/dissertation/770
This dissertation 
has been microfilmed 
exactly as received 
Mic 60-4455 
POLEVT, John Henry. A STUDY OF 
PROXIMITY EFFECTS IN CERTAIN 
REACTIONS OF OHTHO SUBSTITUTED 
B&NZiiNEBORONSC ACIDS. 
University of New Hampshire 
Hi.D., 1960 
Chemistry, organic 
University Microfilms, Inc., Ann Arbor, Michigan 
A STUDY CF PROXIMITY EFFECTS 
IS CERTAIN REACTIONS OF 
ORTHO SUBSTITUTED BEMZBMEBORONIC ACIDS 
BY 
JOHN HEIJRY PQIEVY 
B. S., Boston College, 1956 
A THESIS 
Submitted to the University of Hew Hampshire 
In Partial Fulfillment of 
The Requirements for the Degree of 
Doctor of Philosophy 
Graduate School 
Department of Chemistry 
June, 1960 
Acknowledgement 
I would like to express my thanks to Dr* Henry G* 
Kuivila for his advice throughout the entire program* I 
would also like to thank the Office of Naval Research and 
the Air Force Office of Scientific Research for their fi-
nancial assiatance and my wife, without whose untiring 
effort this thesis could not have been finished at this 
time* 
\ i 
Table of Contents (cont.) 
Page 
I* Mechanisms of Reactions 39 
IIfr Effects of Meta and Para Substituents on 
Rates of Reaction 41 
III* Effects of Ortho Substituents on Rates of 
Reaction 42 
1* Methods and r e s u l t s 42 
A* p i t -dependent r e a c t i o n s 4 2 
B . pH- independen t r e a c t i o n 50 
G» P h o s p h o r i c a c i d c a t a l y z e d r e a c t i o n 50 
2o D i s c u s s i o n of r e s u l t s 50 
EXPERIMENTAL 
I * P r e p a r a t i o n s of S u b s t i t u t e d Benzeneboron ic 
A c i d s 6 7 
II» Kinetic Procedure for Hydrolysis in Aqueous 
Sulfuric Acid at 60° 78 
III* Determination of Ionization Constants of 
Benzeneboronic Acids 82 
IV, Infrared Spectra 83 
V# Reactions of Benzeneboronic Acids with 
Bydrogen Peroxide 85 
1. pH-dependent Reaction at pH 5,40 85 
2» pH-independent Reaction 86 
3* Phosphoric Acid Catalyzed Reaction 87 
TABLES OF DATA 88 
Io Data for Proiodeboronation of Benzeneboronic 
Acids in Aqueous Sulfuric Acid at 60° 88 
II*. Data for the Reactions of Ortho Substituted 
Benzeneboronic Acids with Hydrogen Peroxide 102 
1» pH~dependent reaction at pH 5.40 102 
2* pH«independent reaction 116 
3» Phosphoric acid catalyzed reaction 128 
Bibliography 134 
lil 
Table of Contents 
Acknowledgement i 
List of Tables !• 
List of Figures vl 
INTRODUCTION 1 
RESULTS and DISCUSSION 3 
SECTION I 3 
PROTODEBORQNATION IN AQUEOUS SULFURIC ACID 3 
1* Kinetic order of reaction 3 
2« Course of reaction 6 
3* Hammett acidity function 6 
4. Correlation by the Hammett equation 8 
5* Discussion of results 8 
SECTION II 15 
IONIZATION CONSTANTS OF ORTHO SUBSTITUTED 
BORONIC ACIDS 15 
le. I n t r o d u c t i o n 15 
2e D e t e r m i n a t i o n of i o n i z a t i o n c o n s t a n t s 1 ? 
3. Discussion of ortho effects in the 
ionizat ion of benzeneboronic acids 20 
4 . Separation of polar* s t e r i c and resonance 
e f fec t s 22 
5. Application of tf subst i tuent constants 
to 2«-substituted pyridines 24 
6o. Application of <f~* subst i tuent acids to 
ortho subs t i tu ted benzeneboronic acids 25 
SECTION I I I ' 3 1 
INFRARED SPECTRA 31 
1. Criterion for benzeneboronic acid-anhydride 
interchange 31 
2* Intramolecular hydrogen banding in ortho 
substituted benzeneboronic acids 31 
3* Discussion 36 
SECTION IV 39 
RATES OF REACTION OF SUBSTITUTED BENZENEBORONIC 
ACIDS AND HYDROGEN EEROXIDE 39 
ii 
List of Tables 
Page 
Pseudo first-order rate constants in aqueous HgS04 
at 60° for substituted benzeneboronic acids 4 
Values of log k ^ 
sulfuric acid at §6° 
versus «*H0 slopes for aqueous 
8 
Values of ortho/para ratios for protodeboronation in 
aqueous sulfuric acid at 60° 10 
Values of ortho/para ratios for nitration of substi-
tuted benzene derivatives* 10 
pEn values for substituted benzeneboronic acids in 
25? methanol at 24° 19 
Polar substituents constants for ortho substituted 
benzene derivatives 24 
The OH infrared absorption bands for several substi-
tuted benzeneboronic acids in chloroform 32 
The OH infrared absorption bands for several substi-
tuted benzeneboronic acids in diethylene glycol diethyl 
ether * 33 
The OH infrared absorption bands for several substitu-
ted benzeneboronic acids in methylene chloride 34 
Summary of rate constants for the reactions of ortho 
substituted benzeneboronic acids with hydrogen pero-
xide 43 
Summary of rate constants for the reaction of meta 
and para substituted benzeneboronic acids with hydro-
gen peroxide 44 
Summary of rate constants for the reaction of ortho 
substituted benzeneboronic acids with hydrogen pero-
xide at pH 5.42 51 
Summary of rate constants, ku, for the pH-independent 
reaction of ortho substituted benzeneboronic acids 
with hydrogen peroxide 58 
Summary of rate constants for the phosphoric acid 
catalyzed reaction of ortho substituted benzeneboro-
nic acids with hydrogen peroxide 59 
Summary of log k/Ka values for the reaction of sub-
stituted benzeneboronic acid with hydrogen peroxide 60 
IT 
List of figures 
Page 
Rate plot for run 3T-2 5 
Log kobs,. values versus «H0 7 
P^a values of substituted benzeneboronic acids 
versus pKa values of substituted pyridines 18 
pKa values of substituted benzeneboronic acids 
versus pK^ , values of substituted pyridines 21 
pKa values of substituted pyridines versus <f and <T 26 
pKa values of substituted benzeneboronic acids 
versus <T and <T* 27 
OH bands for o.-chlorobenzeneboronic acid at 
different concentrations in methylene chloride 37 
Log Iq, values versus <f and <f"* 45 
Log k2 values versus <T and <T 46 
^- ^-* 
Log ku values versus (T and CT 47 
J* 
L
° g ^phosphoric ac id va lues versus Q 48 
L
° g ^phosphoric ac id values versus <f 49 
^ o b s . ve r sus i n i t i a l boronic ac id c o n c e n t r a t i o n 
fo r o-methylbenzeneboronic ac id 52 
•^obso, v e r s u s i n i t i a l boronic ac id concen t r a t i on 
for .o-fluorobenzeneboronic a c i d 5 3 
kobs* versus i n i t i a l boronic ac id concen t r a t i on 
for .o-methoxybenzeneboronic a c i d 54 
k
'obs ve r sus i n i t i a l bo ron i c ac id concen t r a t i on 
for 2~bromo-5<-inethoxybenzeneboronic a c i d 55 
^obso vs^sus i n i t i a l boronic ac id concen t r a t i on 
for a~chlorobenzeneboronic a c i d 56 
]Tobs ve r sus i n i t i a l boronic ac id concen t r a t ion 
for §,6 dimethoxybenzeneboronic a c i d 57 
Log k i /K a values ve r sus <T and (T 61 
Log kg/Ka values versus (T and (T 62 
v i . 
L i s t of Tables (cont.) 
Page 
16. S p e c t r a l da ta for protodeboronat ion of s u b s t i t u t e d 
benzeneboronic ac ids 79 
17. Ionizat ion constants of benzeneboronic acids 83 
Xist of Figures (cont») 
Page 
21, Log ku values versus <T and (f 65 
22* Flot of log absorbance versus time for run 10 K 80 
vii 
INTRODUCTION 
Among the reagents that react with benzeneboronic 
1 2 3 
acids are halogens , sulfuric acid » and hydrogen peroxide * 
In these reactions the boronic acid function is replaced by 
halogen, hydrogen and hydroxyl, respect ively*' Besides being 
of interest in themselves, a study of certain reactions of 
benzeneboronic acids can aid in further elucidating the me-
chanism of electrophilic aromatic substitution in general. 
The effects of meta and para substituents on the 
rates of bromination , protodeboronation in sulfuric acid 
3 
and the peroxide reaction have been determined* 
JT\- B(0H)2+ Br2 > ^jhBT 1 
X X 
X 
^ ^ B ( 0 H ) 2 4 - H 2 S 0 4 
X 
^ Q ^ B { 0 H ) 2 + H202 > J^f- OH 
Thus, in order to extend the study of substituents in the 
latter two reactions, the effect of _ort$ior^ substituents on 
the rates of protodeboronation and the peroxide reaction was 
studied and comprises the major part of this thesis* 
The effect of orthq substituents on the rates of pro-
todeboronation in sulfuric acid was investigated for two rea«* 
2 
eons* First, if ortho effects were found to be present, the 
nature of these effects could contribute to a -better under* 
standing of the mechanism of the reaction* Secondly, if ortho 
effects wers found to be absent, then a study of ortho and 
para substituted benzeneboronic acids seemed to be a good me*» 
thod for obtaining accurate values of ortho/para ratios since 
the rate constants for protodeboronation of meta and para sub» 
stituted benzeneboronic acids in 74»5% HgSO. were shown to be 
+ 2 
correlated by <f • 
The reactions of ortho substituted benzeneboronic 
acids and hydrogen peroxide were studied for, according to the 
mechanism postulated by Kuivila which will be discussed in 
section IV, this reaction seems as though it would be suscep-
tible to ortho effects and these effects could perhaps shed 
further light on the mechanism of the reaction. 
In 1955, H» G. Brown proposed that the acid weakening 
effect of ortho methyl and ortho chloro substituents in the 
ionization of benzeneboronic acids was due to P-strain in the 
5 
conjugate base « Oareful examination of the data used by 
ft 
Brown and earlier work done by Murphy in these laboratories 
indicated that F<-strain could not be the only ortho effect 
operating and prompted a reinvestigation of the ionization 
constants of ortho substituted benzeneboronic acids* 
RESUXTS and DISCUSSION 
4 
Table 1 
Pseudo first-order rate constants in aqueous H^O^ at 60 
for substituted benzeneboronic acids. 
substituent(s) 
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#H 2 S0 4 
6 8 . 2 5 
6 3*30 
5 5 . 4 7 
4 2 . 3 9 
5 0 . 1 7 
5 9 . 0 3 
1 5 . 0 1 
1 6 . 6 3 
2 3 . 6 6 
3 3 . 5 9 
39 .00 
4 2 . 9 0 
6 . 7 3 
8 .05 
9 .65 
1 3 . 7 4 
1 6 . 6 6 
2 1 . 1 1 
2 6 . 3 2 
3 5 . 4 1 
7 4 . 4 4 
6 7 .54 
5 9 . 2 1 
6 4 . 7 6 
7 2 . 0 2 
75 .80 
7 0 . 6 0 
7 6 . 2 3 
6 5 . 4 5 
80*21 
73*96 
6 1 . 7 5 
5 9 . 1 6 
2 4 . 9 7 
2 7 . 3 5 
1 0 . 4 2 
1 9 . 8 3 
3 .97 
9 5 . 4 0 
*»
Ho 
5 . 2 7 
4 . 5 5 
3 . 6 5 
2 . 5 0 
3 . 1 8 
4 . 0 3 
0 . 6 6 
0 . 7 7 
1 . 2 1 
1 .84 
2 . 2 3 
2 . 5 1 
0 . 0 8 
0 . 2 0 
0 . 3 3 





6 . 1 0 
5 . 1 5 
4 . 0 5 
4 . 7 5 
5 . 7 7 
6 . 3 0 
5 . 5 7 
6 . 3 6 
4 . 8 5 
6 . 9 8 
6 . 0 5 
4 . 3 5 
4 . 0 5 
1 .40 
1 . 4 3 
0 . 4 0 
0 . 9 4 
- . 2 8 
8©65 
l o g k + 7 
3 . 5 4 7 
2 .976 
2 .299 
2 . 5 3 2 
3 . 2 2 3 





4 . 2 9 0 





2 . 1 9 6 




2 . 9 2 3 
2 .124 
2 . 6 6 7 
3 .435 
4 . 0 5 3 







4 . 1 4 3 
4 . 1 8 5 
3 .140 
3 . 8 1 3 
2 . 4 9 1 
0 . 0 4 1 
maximum value c a l c u l a t e d assuming 3$ r e a c t i o n a f t e r 12 days© 
Figure 1 
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6 
tion could not "be applied to .o-hydroxy- and mesityleneboro-
nic acids due to the high absorbance of the products at the 
wave length chosen for following the reaction. This is fur-
ther discussed in the experimental section. 
2» Course of reaction 
Nahabedian demonstrated that the hydrolysis of m-
2 
nitrobenzeneboronic acid to nitrobenzene is quantitative . 
Since the benzeneboronic acids studied in this work all ex-
hibited good first-order kinetics, there is no reason to 
suspect that any other reaction is occurring* 
3» Hammett acidity function 
The Hammett acidity function, HQ, expresses the ten-
dency of a solution to transfer a proton to a neutral base 
in strongly acid media. The acidity function is defined by 
aT.+ fB 7 
the equation H0=-log ( ^  ) « It depends on the activity XBH+ 
of hydrogen ion and on the ratio of the activity coefficients 
of a neutral base and its conjugate acid. Since indicator 
experiments show that quantities of the type f_f_TT+ /f_,TT-+ f„, 
B CH BH C 
where fc is the activity coefficient of a similar base C, have 
a value of unity, then f£/fBH+ == fQ /fCH+and the ratio has 
the same value for all similar bases* The acidity function 
is then independent of the base and is a measure of the abi-
lity of the solvent to donate protons to a neutral base. 
The rate constants for protodeboronation are correla-
ted by the acidity function as shown in figure 2; values for 
the slopes are. given in table 2. The acidity functions at 60° 
11 
have been determined by Gelbshtein . The mechanistic impli-
2 
oation of this correlation has been discussed by Nahabedian • 
Figure 2 
log k0i3S# va lues versus -H0 
<o 
«* 




qualitative significance* The difficulty is that plots of 
H0 versus log k for o-chloro** and c^fluorobenzeneboronic 
acids exhibit a change in slope at ~H0 5.6» This same change 
in slope occurs with m«-chloro~, m~fluoro-» and p^hromobenzene-
boronic acids* 
The slope for o-fluorobenzeneboronic acid below «*HQ 5*6 
is 0»72; that above ~H0 5»6 is 1.05. Since the slope for j>-
fluoroben2-eneboronic acid is 0*86 and it is more reactive 
than the ortho isomer,, the ortho/para ratio for fluoro will 
decrease with increasing acidity up to -H0 5»6» The data for 
£-fIU"orobenzeneboronic acid do not extend to the region where 
the change in slope occurs; therefore, there is no way of 






 ortho/para ratio for chloro is limited to ~H 6.12 
since the rate constant for the para isomer was calculated 
from the Hammett equation at that acidity. 
The ortho/para ratios for protodeboronation are 
given in table 3» Fcr comparison, ortho/parar ratios for 
nitration of substituted benzene derivatives are given in 
table 4*. 
Besides the normal inductive effects of the substi-
tuents, the types of ortho effects that could occur in pro-
todeboronation in aqueous sulfuric acid are the following; 
(l) steric hindrance due to repulsion between the attacking 
reagent and the groups present on the ring which arises from 
overlapping of the van der Waals radii, (2) steric inhibition 
of resonance due to bulk interaction which affects the acti* 
8 
Table 2 
Values of log k ^ . versus -HQ slopes for aqueous su l fur ic 





































4. Correlation by the Hammett equation 
Nahabedian found that the rate constants for meta 
and para, substituted benzemeboronic acids are correlated by 
the Hammett equation at -H0 6.17 when Brownts <T substi-
tuent constants are used. Thus, the rate constant for pro-
todeboronation of any meta and pa^ ra substituted benzeneboronic 
acid can be obtained at -H0 6.1k provided the <T constant 
of the sTibatituent is known* 
5. Discussion of results 
A difficulty was encountered which makes the values 
o f
 ortho/para ratios for fluoro and chloro of no more than 
11 
steric hindrance in nitration or steric acceleration in pro*» 
todeboronation* The great er**than-unity ortho/para ratio for 
8 9 
methyl has been observed for bromination and dfcdeuteration 
of toluene and is attributed to the greater electron donating 
inductive effect of the methyl group in the ortho position. 
The largest value for the methyl ortho/para ratio reported in 
the literature is 1*29 for bromination. This high ratio is 
probably not due to steric acceleration but to a more reac** 
tive ortho position since the leaving group, a proton, has a 
very small steric requirement* Therefore, since the ortho/ 
para, ratio for protodeboronation is not as large as for bro-
mination, steric acceleration can be eliminated* Steric re-
pulsion between the entering group and the methyl group could 
account for the lower ortho/para ratio for protodeboronation 
than for bromination* 
With a substrate such as mesityleneboronic acid such 
a steric effect should be quite pronounced* The rate constant 
for protodeboronation of mesityleneboronic acid at »H0 1*50 
was calculated from the following equations 
log kjQ = p (2 (T o-CH3 + Q £-GH5)-Hog k H (4) 
The value of JO was obtained from a Hammett plot of met a and 
para substituents at -HQ 6,12 and has a value of *»4»0S. 
•f 
(T
 OM,cH w a B oD^s-iBed from the Hammett equation and the 
extrapolated rate constant for protodeboronation of .o-methyl« 
benzeneboronic acid at -H0 1*50 and has the value of *»0»37* 
10 
Table 3 







a c i d a t 
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Values for oi'tho/para ratios for nitration of substituted 
benzene derivatives. 




vating or deactivating groups in the molecule, and (3) ste-
ric acceleration due to relief of strain in the transition 
state. 
The difference in the value of the ortho/para ratio 
for methyl in nitration as compared with protodeboronation 
can immediately be attributed to a steric effectr either 
12 
The calculated ra te cotistant for mesityleneboronic acid comes 
out to 1*4 x 10**3 sec"1} the observed rate constant is 1*7 x 10** 
-1 sec 6 
Despite the large errors inherent in the calculationsf 
there is good agreement between the observed and calculated 
rate constants* It is apparent then that steric retardation 
is not a significant factor in protodeboronation of .o-methyl* 
benzeneboronic acid* 
If there is no steric hindrance in protodeboronation 
of .o-methylbenzeneboronic acid* then why is the ortho/para 
ratio for bromination larger than for protodeboronation? The 
selectivity of the attacking reagent could account for this 
apparent inconsistency* The par a/me ta, ratio which is a mea-
sure of the selectivity of the attacking group, is 24 for 
bromination and 10 for protodeboronation* Therefore* since 
the attacking species in bromination is more discriminating 
between the para and meta; positions than it is in protodebo-
ronation, it should also be more discriminating between the 
ortho and para positions» Thus bromination of toluene shiuld 
lead to a larger ortho/nara ratio than protodeboronation as 
indeed it does* 
The rate constant for pr otodeboronaticn of m-methyl-
benzeneboronic acid was calculated by the Hammett equation 
and had the value of 2*69 x 10 sec at -H0 1*50. 
Gold and Satchell compared the ortho/para ratio for 
hydrogen isotope exchange of toluene with other reactions 
and used this ratio as a measure of the relative size of the 
13 
attacking specieB* Since the configurations of the transit 
tion states in hydrogen isotope exchange * bromination, ni-
tration and protodeboronation are not known, and since the 
magnitude of the steric effect will depend not only on the 
size of the substituent and attacking species but also on 
the configuration of the transition state, there seems to be 
no basis for using ortho/par^ ratios as a measure of the size 
of the attacking species* 
The values of the ortho/para ratios for the remaining 
substituents in table 3 are all less than unity. This is to 
be expected, for there is substantial evidence that groups 
that are inductively electron withdrawing deactivate ortho po-
sitions more than para positions* For example, the chlorina* 
tion of phenol leads to an ortho/para ratio of 0*50 and the 
proportion of ortho substitution in nitration of halobenzenea 
34 increases along the series G-HgF, CgHgCl, C-HgBr and CgHgl * 
This rising proportion of orthoL substitution ia also observ** 
ed, although to a lesser extent, in the benzyl series* This 
confirms that it is an inductive and not a resonance effect. 
The qrtho/meta ratio for the nitro group in 95*40$ 
H2SO4 for protodeboronation is 0*001; whereas the ortho/faetq, 
35 
ratio for nitration of nitrobenzene is 0*069 * The extreme 
unreactivity of ja^nitrobenzeneboronie acid may be due to bond* 
ing of the following type 
14 
The r e s u l t of bonding "between the oxygen and the boron atoms 
should be an increase in s t a b i l i t y and a decrease in r e a c t i -
v i t y . 
The ortho/para r a t i o for methoxy in the cleavage of 
phenyltrimethylsilanes by aqueous-msthanolic perchloric acid 
is reported t o be 0.22 o This i s in excel lent agreement 
with the value of 0«23 found for protodeboronation* 
Becaus-e of the d i f f i c u l t i e s discussed above, the or** 
tfao/para r a t i o s for protodeboronation of chloro- and f luoro-
benzeneboronic acids are no more than qua l i t a t ive* 
15 
SECTION II 
IONIZATION CONSTANTS OP ORTHO SUBSTITUTED BORONIC ACIDS 
1. Introduction 
In 1955* H* C» Brown established a criterion for de-
termining the direction and magnitude of ortho effects in 
5 
substituted benzene derivatives * It was suggested that in 
their reaction with a proton, the substituted pyridine bases 
are free of such ortho effects as P-strain, steric inhibition 
of resonance and hydrogen bondings Consequently, the substi« 
tuted pyridine bases are believed to provide a nearly ideal 
reference system for the estimation of the purely polar con» 
tribution of ortho substituents* Deviations from linearity 
between the jjK^  values of substituted pyridine bases and 
thos-e of the corresponding substituted aromatic acids and 
bases should provide a measure of the .ortho, effect of the 
particular subRtituent in the acid or base under considera** 
tion provided the ratio of the inductive to resonance con-
tribution to the total polar effect of the substituent is the 
same in both the pyridine and aromatic systems* 
Application of this criterion to substituted phenols 
suggested that the acid weakening effect of ortho halogens 
was due to intramolecular hydrogen bonding* A plot of pS^ 
values of phenols against those of the substituted pyridines 
show no deviations for the alkyl gyvaps, whereas the or,tho, 
halo groups show a deviation 3? > CI > Br, I. The noxmal beha* 
vior of the alkyl groups suggests that neither steric inhi* 
17 
The decrease in acid strength caused by ortho chloro and or-
tho methyl was attributed to F«*strain in the quadricovalent 
boronate anion* 
The proposal that F-strain is the only significant 
orthq effect present in the ionization of benzeneboronic acids 
was questioned for the following reasons* First, previous 
work done in these laboratories showed that the ionization 
constants of three 2-halo~5~methoxybenzeneboronic acids, the 
6 
2-1, 2-Br and 2-C1, were all approximately equal * In view 
of the difference in size of the halogen atoms, tha theory 
of F-strain cannot account for these results* Secondly, in-
spection of the data used by Brown, which are reproduced in 
figure 3, shows that the deviation from linearity is greater 
for chloro than for methyl. Again, in view of the fact that 
the methyl group is larger than the chlorine atom, F«»strain 
cannot be the only ortho effect operating* 
2* Determination of ionization constants 
The ionization constants of several benzeneboronic 
acids used by Brown along with several whose ionization con** 
stants had not been previously reported were measured in or-
der to determine what effect or effects are operating in the 
ionization of ortho substituted benzeneboronic acids* 
The ionization constants were determined in 25$ me~ 
thanol by partially neutralizing a solution of benzeneboro*» 
nic acid with standard aodium hydroxide and measuring the 
hydrogen ion concentration with a pH meter* The results are 
listed in table 5* Since certain benzeneboronic acids are 
known to hydrolyze and oxidize in the presence of dilute base* 
16 
bition of resonance nor P~strain can be a significant factor* 
Since the ortho effect of the halogens is acid weakening. 
Brown explained this effect in terms of intramolecular hy«» 
drogen bonding anticipating the order of increasing hydro** 
gen bonding in phenols to be I,Br^ Cl< P» However, on 
evidence obtained from the OH spectra of unsymmetrical 2,6 
dihalophenols, the order of the hydrogen bond strength was 
shown to be Cl>Br>P>I12« 
A plot of PKQ, values of benzoic acids against the 
corresponding pyridine bases indicates that the ortho effect 
is steric inhibition of resonance* For all ortho substituerits 
except fluorine the effect is acid strengthening? the devia** 
tion from linearity follows the order I>Br>Cl>P (fluorine 
showing no deviation)* 
Since benzeneboronic acids are also capable of re-
sonance one might conclude that bulky ortho groups would 
also have an acidVetrengthening effect as in the benzoic 
acids*. However, a plot of pKg, values for benzeneboronic 
acids versus substituted pyridines shows that the ortho 
effect of methyl and chloro is actually acid weakening* 
This unexpected result led Brown to suggest that the 
ionization of benzeneboronic acids is not 





C6HgB(0H}2+ H20 ^Z=± C6H5B-0H+H 6 
OH 
Figure 3 
pKgt values of substituted benzeneboronic acids 






























a W p. 8 ~ 
2-CH3 O 
3-CH3 O 
s l o p e 0 .392 
3-F a 
O 2 - G l
 3 - B r M 3-C1 
pKa values for substituted pyridines 
19 
Table 5 
pKa values for substituted benzeneboronic acids in 25% 
methanol at 24°» 
s u b s t i t u e n t ( . s , ) 
2 , 4 , 6 - t r i m e t h y I 
2>6**dimethoxy 
2 - m e t h y l 
2-methoxy 
4-methoxy 
4 - m e t h y l 
2 - n i t r o 
none 





2 - f l u o r o 
2 - c h l o r o«*5»*me thoxy 
3~f luo ro 
pKa 







9 , 1 2 
9*03 
8 . 7 8 a 
8»68 
8 . 5 7 
8 . 3 0 a 
8»25 
8 . 1 1 -
8 . 2 5 
the pK^ va lues determined by Murphy0 for 3-*methoxy, 2»bro» 
mo-5-methoxy and 2»*chloro«5*»methoxybenzeneboronic a c i d s a r e 
9 .12 , 8*46, and 8.61 r e s p e c t i v e l y . 
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e*g#» o*»chlorobenzeneboronic acid, it seemed possible that 
these reactions could be occurring during potentiometric ti*» 
tration* The possibility that hydrolysis and oxidation were 
occurring during titration was eliminated and is discussed in 
the experimental section* 
3d Discussion of ortho effects in the ionization of benzene** 
boronic acids* 
A plot of pKa values for benzeneboronic acids deter** 
mined in 25% methanol versus those for the corresponding sub-
stituted pyridines is shown in figure 4* The unsubstituted* 
3«*fluoro- and 4-methylbenzeneboronic acids are among six meta 
and para substituted benzeneboronic acids whose pKa mlues 
5 Brown has shown to be correlated with pKa values of pyridines • 
In figure 4, the order of deviation from the line re-
presenting meta and para substituents is I? >C1 >CH36 This 
order unambiguously demonstrates that JVstrain is not the only 
ortho effect present in the ionization of benzeneboronic acids* 
The direction and order of deviation of the ortho substi-
tuents can easily be explained if there is intramolecular hy» 
drogen bonding in the ortho^halobenzeneboronie acids* Ben-
z-eneboronic acids have an acidic hydrogen and a hydrogen bond 
would result in the formation of a six membered ring* A ben«* 
zeneboronic acid would gain stability from a hydrogen bond 
and consequently be a weaker acid* The possibility of intra** 
molecular hydrogen bonding in the conjugate base is discussed 
below* 
Since a methyl group is incapable of hydrogen bonding* 
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the deviation of the methyl group must be attributed to F*» 
straia in the conjugate base* Thus, a combination of intra-
molecular hydrogen bonding and F~strain can account for the 
deviations from the linear correlation of meta and para sub-
stituted benzeneboronic acids* The existence of intramole-
cular hydrogen bonding has been demonstrated by the presence 
of two OH bonds in the infrared spectra of benzeneboronic 
acids capable of such bonding* This will be further dis-
cussed in section II* 
4* Separation of polar, steric and resonance effects 
Taft has proposed the following equation for sepa«* 
rating polar effects of substituents from steric and reso-
13 
nance effects in-the rates of normal ester hydrolysis g 
2*48 *- ° ° -J 
(T is a substituent constant dependent only on the net 
polar effect of the substituent and A and B refer to basic 
and acidic hydrolysis respectively* both involving the same 
ester, solvent and temperature* kQ is the rate constant for 
the unsubstituted ester and the factor 2.48 is introduced in 
an attempt to put the polar substituent constants on the same 
scale as the Hammett constants* 
The basic assumptions of this equation ares (l) the 
relative free energy of activation can be treated as the sum 
of polar* resonance and steric effects; (2) in normal hydro** 
lysis of esters, the steric and resonance effects are the 
same in acid» and base- catalyzed reactions! (3) the polar 
effects are much greater in alkaline than acidic hydrolysis* 
Figure 4 21 
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pKa values for substituted pyridines 
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Table 6 
Polar su>Dtituent constants for ortho substituted benzene 
derivatives. 
>stituent 









- . 3 9 
- . 3 5 
- o l ? 
0 
. 2 4 
• 20 
- . 2 1 
*21 
Equation (8) provides an important criterion for 
determining whether rates for a given reaction are deter-
mined by polar effects alone. A correlation between log kA. 
o 
and (T requires that a single variable, the polar effect, 
is operating} steric and resonance effects must be nearly con-
stant. 
5. Application of <f substituent constants to 2-subatituted 
pyridines. 
Brown's method for determining ortho effects depends 
on the assumption thfct the ratio of inductive to resonance 
effects in benzene derivatives is equal to the ratio of induc-
tive to resonance effects in pyridine derivatives. If this 
23 
The assumption that staric and polar effects are the 
same in basic and acidic ester hydrolysis appears quite rea*» 
sonable on the basis of the normal ester hydrolysis mechanisms* 
The oxygen exchange work of Bender offers good evidence 
for a carbonyl addition intermediate in both basic and acidic 
hydrolysis so that the transition state for acid hydrolysis 
differs from basic hydrolysis by the presence of two protons* 
The small size of the protons and their positions with re-
spect to the substituent make the assumption that steric effects 
are the same in basic and acidic hydrolysis very reasonable* 
The equality of resonance effects may be accounted for on the 
basis that the resonance effect arises from the conjugation 
of the substituent with the ester function, both transition 
states being saturated* 
The Hammett reaction constants p for meta and para, 
substituted benzoates supports assumption 3* For alkaline 
hydrolysisp values are in the range + 2*2 to+ 2*8. Within 
the precision with which the acid hydrolysis follows the Ham-
mett equation,p may be taken as zero* 
Certain reactions of ortho substituted benzene deri«* 
vatives follow the equation 
io& k /^ = <ry>* 15 (e) 
where (f i s the ortho polar substituent constant and p 
is a cons-tant giving the susceptibi l i ty of the reaction to 
polar effects* Q values are given in table 6* 
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assumption is correct and there are no other ortho effects, 
then the ionization of substituted pyridines should be cor-
related by equation (8)„ Figure 5 shows a plot of log k/v» 
iff 
versus (T and <T » 
Since the pKa values for substituted pyridines are 
net correlated by equation (8), it is then questionable whe-
ther 2-substituted pyridines can be used as a criterion for 
determining ortho effects in benzene derivatives* 
The deviation of ortho substituents from the line 
for meta and para substituents is 3?>Cl>Br>I» One expla-
nation that would account for the lack of correlation of 
ortho substituted pyridines with equation (8) and the or-
der of deviation of the halogens is that the ratio of re-
sonance to inductive effects - is not the same in both systems 
and the resonance polar effect is less in 2-substituted py-
ridines than in benzene derivatives* The order of decreasing 
resonance effect for halogen1* is 31>Cl>Br>I and a decrease 
in the resonance polar effect of a 2-halo pyridine should re-
sult in an increase in acidity, 
6» Application of (T * substituent constants to ortho sub-
stituted benzeneboronic acids<» 
In order to determine whether steric and resonance 
effects are constant in the ionization of ortho substituted 
benzeneboronic acids, pKa values are plotted against <T 
substituent constants in figure 6, Figure 6 also shows a 
plot of pK^ values for six meta and para substituents against 
Hammett (T constants* 
Figure 5 
pKa values of substituted pyridines versus <f and (f* 
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(f and <f{ 
Figure 6 
pK, values of substituted benzeneboronic acids 
v e r s u s (f and a 
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m-CH30 
2 , 4 , 6 t r i m e t h y l 






tf- and <f* 
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There are two ways by which s i x of the nine pK^ values 
*"°
r
 ortho subs t i tu ted benzeneboronic ac ids can be corre la ted 
by (f . The cor re la t ions are represented in figure 6 by 
l i ne s 1 and 2 . If l ine 1 represents the t rue co r re l a t ion , 
the deviation of 2 t6-dimethoxy« and o-methoxybenzeneboronic 
acids can be explained by a var iable s t e r i c e f fec t . There 
could be a constant s t e r i c factor operating in the ionizat ion 
of ortho subs t i tu ted benzeneboronic acids which disappears in 
the ionizat ion of 2,6-dimethoxy-» and .o-methoxybenzeneboronic 
acids because of the very small s ize of the methoxy group so 
that the pK^ values for these two benzeneboronic ac ids f a l l 
close to the l ine tha t cor re la tes meta and para subs t i tu t ed 
benzeneboronic acids* The s t e r i c effect could be F-s t ra in 
in the quadricovalent boronate anion* 
The deviat ion of the pKa value for o-nitrobenzenebo-
ronic acid might be due to bonding between the boron atom 
and an oxygen atom of the n i t ro group leading to a five mem-
bered ring having the s tructures 
This type of bonding should increase the s t a b i l i t y of the ben« 
zeneboronic ac id thus making i t a weaker ac id . However, the 
pos s ib i l i t y t ha t intramolecular hydrogen bonding causes the 
acid-weakening effect cannot be r igorously excluded* 
I f l i ne 2 represents the true co r r e l a t i on , then the 
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dev ia t i ons of m e s i t y l e n e , ^ - m e t h y l - and £~-nitrobenzeneboro*» 
nic a c i d s cannot be expla ined by what seems l i k e the only 
e x p l a n a t i o n , a s t e r i c e f f e c t , s ince the pK& va lue for 2-bro« 
mo«-5**methoxybenzeneboronic a c i d f a l l s on l i n e 2 and the 
e f f e c t i v e bulk of bromo i s about the same as methyl* However» 
c o n s i d e r a t i o n of i n t r amo lecu l a r hydrogen bonding i n o r t h o 
s u b s t i t u t e d benzeneboronic ac id s could expla in t h i s incon** 
s i s t e n c y and make the c o r r e l a t i o n r ep re sen t ed by l i n e 2 
appear more reasonable* In s e c t i o n I I I - 8 , evidence i s p r e -
sen ted f o r i n t r amo lecu l a r hydrogen bonding in o.«*fluoro-. 
0,-chloro-*, 2-bromo«-5«»mathoxy-, _o-methoxy and 2,6 dimethoxy«~ 
benzeneboronic ac ids* I f i o n i z a t i o n of benzeneboronic ac ids 
i s cons idered as 
OH 
/ = \ ^ OH / = V I -Qr <OH + v^Q- E — OH + H 1 
OH 
then intramolecular hydrogen bonding could also occur in 
the conjugate base since the proton is not surrendered to 
solvent during ionization* In the acid, hydrogen bonding 
would be facilitated by the tendency of the oxygen atoms to 
donate electrons to the electron deficient boron atom. On 
the other hand, hydrogen bonding would be opposed by the ten-
dency of the substituent to donate electrons to the boron 
atom thus decreasing the electron density of the substituent 
and also be opposed by any van der Waals repulsive forces 




1. Criterion for benzeneboronic acid - anhydride interchange 
Snyder and coworkers-6 studied the infrared spectra 
of several benzeneboronic acids with the objective of finding 
a criterion for distinguishing benzeneboronic anhydrides from 
acids. As a result of this study, they found a region of ab~ 
-1 
sorption invariably strong and sharp between 680 and 705 cm 
and empirically assigned this region to the areneboronic an-
17 
hydride. On the other hand, Gilman and Santucci indicate 
that the best criterion for the benzeneboronic acid-anhydride 
-1 
interchange is the disappearance of a band at 1025 cm . Dur-
ing the course of this research it was found that neither 
criterion is applicable to jQ.-hydroxybenzeneboronic anhydride. 
-1 
The anhydride band at 705 cm is barely perceptible a.nd there 
is a band at 1025 cm" , 
2. Intramolecular hydrogen bonding in ortho substituted ben-
zeneboronic acids. 
In section II-3, intramolecular hydrogen bonding was 
proposed in order to account for the acid-weakening effect of 
ortho-halobenzeneboronic acids. Since intramolecular hydrogen 
bonding should cause splitting of the OH band in the infra-
red region, the spectra of several benzeneboronic acids were 
determined in chloroform, ethylene glycol diethyl ether and 
methylene chloride. The data, are given in tables 7,8 and 9, 
Since the benzeneboronic acids studied are not very 
30 
the conjugate bas-e, hydrogen bonding will be opposed by the 
negative charge on the boron atom but facilitated by the 
greater electron density of the substituent. Since the boron 
atom now has a complete octet, conjugation with the boron 
atom is no longer possible* If the net result is greater hydro-
gen bonding in the base than in the acid, then the acid «• 
weakening steric effect may be cancelled byj the acid-strength en-
f 
ing effect of" hydrogen bonding in the conjugate base so that 




The OH infrared absorption bands for several substituted ben* 
zeneboronie acids in chloroform* 
subgtituent(s) QH band cm 
none 3640 
.o-CHg 3600 
0.-C1 3600, 3415 
£-5* 3640, 3440 
2~Cl-5-CH30 3600, 3450 
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3620 , 








The OH infrared absorption bands for several benzeneboronic 





2-Br-5-CH 0 3 
o-CH 0 
2,6 dimethoxy 
soluble in chloroform, the CH bands are weak. In chloroform, 
three of the four acids capable of intramolecular hydrogen 
bonding have two bands and the fourth, 2-bromo-5-methoxyboro-
nic acid, has a very broad band. Where a benzeneboronic acid 
has two bands, the band at higher wave numbers is the sharper 
of the two. These data are entirely consistent with the theory 
of intramolecular hydrogen bonding, for such bonding should 
cause the hydroxyl band to shift to lower we^ ve numbers and be 
broader than the free OH band. 
In ethylene glycol diethyl ether all benzeneboronic 
acids capable of intramolecular hydrogen bonding exhibit two 
OH bands, one in the region 3400-3440 cm" and the other be-
tween 3550-3690 cm"1. Benzeneboronic acids incapable of in-
tramolecular hydrogen bonding exhibit only one OH band between 
3420-3460 cm-*. The band absent in the benzeneboronic acids 
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Table 8 
The OH infrared absorption bands for several substituted ben-
seneboronic acids in diethylene glycol diethyl ether* 




2,4,.6 trimsthyl 3420 
A-Cl 3620 (Sh),3400 
a~Y 3690 (w) ,3420 
^-GH30 3550, 3400-
2,6 diraethoxy 3550„ 3440 (Oh) 
2~C1~5-0K3Q 3620 (w), 3440 
2-Br-5-CH30 3600 (w), 3400 
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where intramolecular hydrogen bonding cannot occur is at high-
er wave numbers* Since this should be the hydrogen bonded OH 
band, it should normally be found at lower wave numbers• One 
explanation is that the benzeneboronic acids are bonded to the 
oxygen atoms of the solvent and when there is an ortho substi-
tuent capable of intramolecular hydrogen bonding, one of the 
hydrogen atoms is involved in an intramolecular hydrogen bond 
and the other hydrogen is bonded to solvent. This would ex-
plain the two bands present in acids capable of hydrogen bond-
ing and could account for the fact that the band absent in 
meta and para substituted benzeneboronic acids is at higher 
wave numbers,. In accord with this explanation is the fact 
that .o-methoxy- and 2,6 dimethoxyboronic acids both have bands 
at 3550 cm and the latter has only a shoulder in the lower 
-1 
region at 3440 cm
 4 Since both methoxy groups can partake in 
intramolecular hydrogen bonding then there ought to be very 
little bonding to solvent and hence very little absorbance in 
the lower region. 
Methylene chloride was found to be the best solvent 
for this study. The benzeneboronic acids were soluble enough 
so that strong bands were observed in the OH region* Two 
bands were found for acids capable of having a free and bond** 
ed OK groupr 
The broad OH band found at lower wave numbers in 
chloroform and methylene chloride is due to intramolecular and 
not intermolecular hydrogen bonding because only those ortho 
substituted benzeneboronic acids theoretically capable of such 
bonding exhibit two bands and the relative intensity of the 
Figure 7 
OH "bands for o.-chloro'benzeneboronic ac id 
a t d i f f e r e n t concen t r a t i ons in methylene 
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two bands does not change with decreasing concentration of 
benzeneboronic acid, Figure 7 shows the OH bands for o-chloro-* 
benzeneboronic acid at two concentrations* 
3» Discussion 
The doubling of the OH band in 0,-halophenols was ori-
ginally attributed to resonance interaction between the OH 
18 group and the aromatic ring • It was postulated that this 
leads to two conformations of minimum potential energy^ one 
v/ith the OH trans to the .o-halogen and the other cis to the 
.o-halogen* The energy of the hydrogen bond was found to favor 
the cis configuration by 2-3 kcal/mole. The OH frequency 
shifts were shown to increase with increasing size of the ha* 
logen and, since it was believed that the magnitude of the 
frequency shift was a measure of the strength of the hydrogen 
bond, the energy of the hydrogen bond was also thought to in* 
crease in the same order * However, on evidence recently 
obtained from the OH spectra of unsymmetrical 2,6 di-halophe-
nols, the order of the hydrogen bond strength was shown to be 
12 
Gl>Br>F>I • The anomalous order is attributed to both 
the varying si2e of the halogens and to an orbital-orbital re» 
pulsive interaction* It must then be concluded that in j}-ha-
lophenols the progressive shift to lower frequencies iB not an . 
indication of increasing strength of the hydrogen bond* 
For benzeneboronic acids in methylene chloride, the 
difference in wave number between the unbonded and bonded QH 
decreases in the order F> 01 >Br > CHgO. Since intramolecular 
hydrogen bonding in benzeneboronic acids will lead to a flexi-
ble six-membered ring, orbital-orbital repulsive forces should 
38 
be smaller than in the phenols and the size of the substituent 
should not be a predominant factor* Therefore, the frequency 
shift should be a measure of the strength of the hydrogen bond 
21 
as it is in other compounds such as substituted ethanols • 
As would be anticipated, the frequency shifts for the halogens 
are in the order of increasing electronegativity and that me-
thoxy forms the weakest bond is in agreement with the data for 
substituted ethanols.. This order of increasing strength of 
the hydrogen bond agrees well with the fact that ^ -fluoro is 
more acid weakening than ,o-chloro» 
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SECTION IV 
RATES OP REACTION OF SUBSTITUTED BENZENEBORONIC ACIDS AND 
HYDROGEN PEROXIDE 
I* Mechanisms of Reactions 
Investigation of the kinetics of the reaction of 
areneboronic acids and hydrogen peroxide have demonstrated 
that the reaction proceeds by several mechanisms • Each me-
chanism can be shown to predominate under appropriate condi-
tions* 
A summary of the different mechanisms proposed is 
shown belows 




&p a. — I 
I I -V- H„0 /—x~ H + CfiHeB«OH 
2 r ° ° j 
OOH 




I I I + H" ? HzO + GgHgB —OH 






C6H50 B - O H 
* 1 
I I I —> OH + IV 4 
OH 
I I I •+• C$H5B-OH - s H20 + C 6 H 5 B-OH ' 
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c a t a l y s i s 
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I I I . Effects of Ortho oubotittsents on R*»tee of R*pction 
! • r^thoda end r e s u l t s 
The r r t en of rerotiom; of ortho subst i tu ted benzene-
boronic sc ids end bydrocen naroxide were determined in esson-
22 
t i r J l y the nrine v?oy •"» -rroviouoly reported hy Kuivila • All 
vvrw «,'ftTO enrr ied out in a conr.tmt temperature bath c t 
? i ; . 00° i .03° . All the per t inent d?ts for ortho si bnt i tu ted 
bon^eneboroRac neidB ere riven in t ab le 10. £* b3e 11 con-
t ' in f r r t e constente for r^eta ond Rare, anbctl luted "ben*£enebo-
rei.ic ac ids . In f igures 8 to IP, veluec of 3 a? 1c r re r>loti**' 
t rr it>r,t 0 for met a and nprr Rubotituanto ^rr' */ for ortho 
suhntituents. 
-ft. pH-dependent miction© 
The - .-< aponcu ul * <c }, on tms Btuili> * as it.j.1 , , / s . A 
n;iniKMTi of throe runs with varying i n i t i a l benseneboronic acid 
concentration was cerrj sd out in 25% e thprol , in fn r e s t a t e 
buffer et PH 5.45 v i t h ionic s t rength ndj tinted to .02 frith SQ-
dium perehlorate . 
"be observed ra te constants follow the equations 
kobo. = 'kl "*" kF> [}>oronic oc id j
 0 (8) 
'J'he in te rcept of a p lo t of observed second-order n. t e ccm-
Btpnto Yoraui' i n i t i o ! ben/.enaboronic acid concentration cor-
responds to k^9 the react ion f i r s t - o rde r in benzeneboronio 
rcidj, and the slope corresponds to kg9 the react ion second-
order in benzeneboronic ac id . These data ar© given in 
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Reactions 3, 4 and 7 are second-order, f i r s t - o r d e r 
in bo t h r e a c t a n t s . Reaction 6 i s t h i rd -o rde r , f i r s t - o r d e r 
in both peroxide and second-order in benzeneboronic ac id . Re-
ac t ions 4 and 6 are base-catalyzed whereas react ion 3 i s pH<-
independent and predominates in the pH region of 1-3. Reac<-
tion 7 is an acid-catalyzed reac t ion . 
I I . Effects of Meta and Para Subst i tuents on Rates of 
Reaction 
Values of k^, kg and k u show very l i t t l e dependence on sub-
s t i t u e n t s . Hammett plots have slopes {P - values) of .071 
3 
for k i , 0.28 for kg and -.044 for ku • This lack of over-
a l l dependence on the electron density a t the carbon bearing 
"boron atom is an indicat ion of complexity in the r e a c t i o n . 
The concentrat ion of I I I should be grea tes t when e lec t ron 
•withdrawing subst i tuents are present while the subsequent 
cleavage of the peroxide bond and migration of the phenyl 
group should be f a c i l i t a t e d by electron donating subat i tuents* 
Xt is obvious tha t the formation of I I I and i t s subsequent 
"transformation have nearly equal but opposite e lec t ronic de-
mands* The Hainmett plot for the phosphoric acid-catalyzed 
r e a c t i o n has a slope of -1 .12 . Since t h i s react ion does not 
involve formation of I I I , the r a t e s increase with e lec t ron 
^releasing subs t i t uen t s . 
43 
Table 10 
Summary of rate constants for the reactions of ortho substi-
a 
t u t e d b e n z e n e b o r o n i c a c i d s w i t h hydrogen p e r o x i d e 
s u b s t i t u e n t ( s ) 
2 ,6 di«* 
me thoxy 
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o~N02 
. 5 1 
. 3 9 
. 1 7 
.20 
. 24 
. 3 3 
.80 
10 x k-
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c , d 





























- 1 - 1 - 2 _ _ - 1 A l l d a t a a t 25 .0 . U n i t s , l . m o l e s e c . . U n i t s , 1 . mole s e c * 
d e f 




Summary of rate constants for the reactions of meta and para 
a 







































































 - 1 - 1 c 2 **2 ' 
All data at 25*0 . Unitsrl.mole sec. . Units,1. mole sec* 
d e 
pH 5.42 ± 0.03, u 0.02. H3P04 5.29 M 
F i g u r e 8 4 5 
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table 12 and the plots are reproduced in f igures 13 to 18. 
B, pH-independent react ion ^ 
The pH-independent ra te constants are taken as the 
minimum ra t e constants obtained in aqueous perchlor ic acid in 
the pH region of 1*3. The data are shown in -table 13. 
G. Phosphoric acid catalyzed react ion 
Kinetic runs on the phosphoric acid catalyzed react ion 
were carr ied out in 5«29 M and 5.33 M phosphoric acid. Since 
the pH-independent react ion makes a small contr ibut ion a t t h i s 
ac id i ty i t must be subtracted from the observed ra te constant* 
Data for the phosphoric acid-catalyzed react ion are given in 
table 14. 
2. Discussion of r e s u l t s 
Since the base-catalyzed and pH-independent react ions 
have such small values ofp , i t i s d i f f i cu l t to see i f there 
i s any corre la t ion between log k and if . The ionizat ion 
of a peroxybenzeneboronic acid (s tep 2) appears to be analo-
gous to the ionizat ion of a benzeneboronic ac id ; the two dif fer 
only by the presence of one oxygen atom. Since the ioniza-
tion constants for benzeneboronic acids are not cor re la ted by 
<f then i t seems reasonable to assume that the ionizat ion 
constants for peroxybenzeneboronic ac ids r wi l l not be cor re la -
ted by <f , If a l inear-f ree-energy re la t ionsh ip ex i s t s 
between the two equ i l i b r i a , dividing the observed ra te con-
s tant by Ka should eliminate the ionizat ion constant for the 
peroxybenzeneboronic acid from the ra te expression. This 
treatment i s i l l u s t r a t e d for the pH-independent react ion but 
can a l so be shown to be true for the base-catalyzed r e a c t i o n s . 
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Table 12 
Summary of r a t e constants for the react ion of ortho s u b s t i -
tuted benzeneboronic acids with hydrogen peroxide a t pH 5.42 
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3 4..0 ,. 
3 * 
1 0 x k o b s 
5 . 1 5 
4 . 4 8 
5 . 0 7 
3 .90 
3 . 8 5 
3 . 3 8 
3 . 1 2 
3 . 3 3 
3 . 8 2 
4 . 3 1 
2 . 3 9 
2 . 9 9 
3 . 5 5 
2 . 1 2 
2 . 7 3 
3 , 2 5 
2 . 9 5 
3 . 2 3 
3 . 5 3 
1 .46 
1 . 4 1 
1 .52 
a 
Initial benzeneboronic acid concentration in moles/liter 
"k '-I *»1 
Units, 1. mole sec. 
Figure 13 
^obs. versus i n i t i a l boronic acid 
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1c obs, versus initial "boronic acid concentration 
for o-fluoro"benzene"boronic acid 
.01 .02 
initial Moronic acid concentration 
Figure 15 54 
k -^  ve r sus i n i t i a l "boronic ac id concen t r a t i on 
for .o-methoxybenzeneboronic ac id 
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4 . 0 
to 
X 
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Figure 16 55 
k obs . versus i n i t i a l boronic a c i d concen t r a t i on 
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Figure 17 56 
Ir r,T-(= versus initial boronic acid concentration 
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i n i t i a l boronic acid concentration 
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T a b l e 13 
Summary of r a t e c o n s t a n t s , k u , f o r t h e pH- independen t r e a c t i o n 
of o r t h o s u b s t i t u t e d b e n z e n e b o r o n i c a c i d s v a t h hydrogen p e r o x i d e 
s u b s t i t u e n t ( s ) pK 1 0 4 * k u 
o-Cl 1.50 4*61 
1.90 4 . 2 5 
2 .35 ' 4 . 5 4 
2*65 4<>66 
2-Br-5-CH„0 1.76 3*77 
1.95 4 . 0 0 
2 .25 4*38 
2 . 5 0 4 . 6 9 
£ -P 3 .09 6 . 8 9 
2 . 7 1 6 .24 
2 . 2 2 6 . 1 0 
1 ,83 6 . 2 4 
o-CHO 3 .17 8 . 9 2 
0
 2 .59 7 , 8 9 
2 .14 7 .84 
1.65 8 .44 
£~CH, 3 .10 5 .94 
2 .65 5 .16 
2 . 1 5 5 . 2 5 
1*75 6 . 3 5 
o-NO„ 0 . 3 0 1 .01 
1.72 0 . 3 2 1 
2 o l 2 0 . 4 9 5 
2 .60 0 . 9 4 5 
3 .02 1 .61 
a 
U n i t s , 1*. mole*"3- s e c . " 
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Table 14 
Summary of r a t e cons t an t s f o r the phosphoric ac id ca t a lyzed 
r e a c t i o n of ortho s u b s t i t u t e d benzeneboronic ac ids and hydro-
gen peroxide 
s u b s t i t u e n t ( s ) 
.o~CH3 
























a U n i t s , 1. mole" sec."* -
Since l Q g M o b s * ) - l0S ku + l 0 S Kp + l 0 S K l (9) 
and i f log Kp - b log Ka 4 c (10) 
then l 0 g
 M o b s » ) = l o& k u K l +• c (11) 
Thus, the r a t i o of the observed r a t e cons tan t for t h e pH-in-
dependent r e a c t i o n to the i o n i z a t i o n cons tan t depends on the 
va lues K>L and k u and not on Kp. 
There fore , I f s t ep s 1 ,3 ,4 ,5 and 6 have a cons t an t 
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steric ancP resonance requirement there should be a correla-
tion between log k/C values for ortho substituents and <T * 
a — — — — — • 
Table 15 contains values of log k/j£ . 
Table 15 
Summary of log k/C values for the reaction of substituted 
benzeneboronic acid with hydrogen peroxide 













2 , 4 , 6 t r i m e t h y 1 













6 . 5 7 
l o g k 2 /Ka 
8*312 










l o g ku/Ka 
6 . 6 2 2 
6 . 4 4 5 
6»006 
5 .730 
5 . 3 8 7 
6*413 
6 . 5 1 5 
5 .197 
5 .035 
4 . 8 7 6 
4*687 
There are two ways by which log k/p- values can be 
% 
correlated with (f * The two correlations are represented 
by lines 1 and 2 in figures 19, 20 and 21, which show plots 
of log k/L values versus <T and (T » Neither correlation 
Figure 19 
Log ki/Ka values versus <f and (f 
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however appears to be entirely satisfactory. 
The fact that log tyjK^ values for 2,6-dimethoxy-, 
jo-methoxy-, and .o-nitrobenzeneboronic acids deviate from the 
correlation represented by line 1 means that either Ka is not 
directly proportional to the ionization constants for these 
three peroxybenzeneboronic acids or that an effect opposite 
to that found in the ionization of orthq substituted ben-
zeneboronic acids is operating in the other steps of the me-
chanism. If values for the ionization constants taken from 
line 1 figure 5 are used instead of the actual measured values, 
the values of log &/Ka for 2,6-dimethoxy-, o-methoxy- and 
o.-nitrobenzeneboronic acids fall close to line 1. This im-
plies, at least for these three substituted benzeneboronic 
acids, that the values of K& are not directly proportional 
to the ionization constants for the peroxybenzeneboronic acids. 
Since a peroxybenzeneboronic acid differs from a benzenebo-
ronic acid by the presence of one oxygen atom, the ionization 
of a peroxybenzeneboronic acid might have a larger steric re-
quirement so that the ionization could proceed with a con-
stant steric requirement even for the very small methoxy 
group* The three reactions, the two base-catalyzed and pH-
independent reactions, can be considered as proceeding with 
a constant steric effect for all but .o-nitro- and mesitylene-
boronic acids. 
The three runs for the pH«*dependent reaction of .o-
nitrobenzeneboronic acid indicate that the reaction second-
order in benzeneboronic acid is very slow. Also, the value 
of log 1C;J/K for mesityleneboronic acid is actually much 
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smaller than expected* A maximum value of k0-bs# was estima-
ted since the rates were too slow to measure accurately* Since 
the reaction second-order in .g-nitrobenzeneboronic acid is 
very slow, k0bs* f o r mesityleneboronic acid was assumed to be 
equal to k]_* 
A correlation was found between log k values for the 
phosphoric acid-catalyzed reaction and v except for mesi-
tyleneboronic acid, whose low rate of reaction can be attribu-
ted to steric hindrance« 
In summary, the three reactions first-order in benzene-
boronic acid can be regarded as having a constant steric re-
quirement that changes only for mesityleneboronic acid* The 
reaction second-order in benzeneboronic acid appears to be 
more sensitive to steric factors since jo-nitrobenzeneboronic 
acid apparently reacts very slowly by this path. 
The deviations of o-methyl- and .o-nitrobenzeneboronie 
acids from line 2 can be explained by steric acceleration due 
to relief of strain in going from intermediate IV to V* There 
are, however, two inconsistencies in this interpretation* The 
first is that the value for log ^i/K^ for mesityleneboronic 
acid lies below line 2 and the second is that for the three 
reactions, the values of log k/k8 for 2-bromo-5-methoxybenzene-
boronic acid fall close to line 2» 
Although k^g^ for mesityleneboronic acid was estima-
ted, it represents a maximum value. The fact that values of 
log Vj£a for 2-bromo-5-methoxybenzeneboronic acid fall close to 
line 2 could be the result of two opposing factors, steric ac-
66, 
celeration and intramolecular hydrogen bonding in the conju-
gate "base of the peroxybenzeneboronic acid* 
EXPERIMENTAL 
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I» Preparations of Substituted Benzeneboronic Acids 
All of the boronic acids used in this work with the 
exception of o_-fluorobenzeneboronic acid have been reported 
in the literature* jo-Cl, o-^ CH,, m-CH 0, 2,4,6 trimethyl and 
benzeneboronic acid were prepared by the method of Bean and 
Johnson © This method consists of adding the appropriate 
arylmagnesium bromide to an ether solution of tri-n-butyl 
borate or trimethyl borate at Dry-Ice temperature. The bo-
rate ester is then hydrolyzed to the boronic acid with either 
HOI or H2SO4* Orjtho-hydroxy and ortho-fluorobenzeneboronic 
acids were prepared in an analogous manner from the corres-
ponding organo lithium compounds. 
Ortho-nitrobenzeneboronic acid was prepared by add-
ing fuming nitric acid to benzeneboronic acid suspended in 
28 
acetic anhydride . The 2-halo-5-methoxybenzeneboronic acids 
were synthesized by halogenating m-methoxybenzeneboronic acid* 
Benzeneboronic Acid.- Benzeneboronic acid was prepared 
by slowly adding an ether solution of phenylmagnesium bromide 
to an ether solution of trimethyl borate at -70° and then hy-
drolyzing with dilute H2SO4. The two layers were separated 
and, after evaporating the ether, the brown solid that was 
obtained was recrystallized twice from water to give a 70% 
yield of pure benzeneboronic acid. 
0,-Methoxybenzeneboronic Acid.- o.-Methoxybenzeneboro« 
nic acid was prepared by A. Armour. This acid was purified 
by repeated recrystallization from water and had a melting 
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range of 105-107°* The observed neutralization equivalent 
was 150.7; the calculated value is 152*0* Neutralization 
equivalents were determined by titrating 100 mg. of boronic 
acid and 2 g* of mannitol in 50 ml, of 50% ethanol with 
standard 0.1 N HaOH to a phenolphthalein end point* 
£-Methylbenzeneboronic Acido*- o«-Methylbenzeneboronic 
acid was prepared in exactly the same way as reported by 
24 
Branch . The melting range after oven drying for several 
days at 105° was 168«170°. The melting point reported by 
Branch for o-methylbenzeneboronic acid is 170 * instant 
immersion* Since this acid is too wealc to allow its neutra-
lization equivalent to be determined by titrating to a phe-
nolphthalein end point even in the presence of mannitol, it 
was necessary to determine the neutralization equivalent 
potentiometrieally in the presence of mannitol* The neutra-
lization equivalent observed for the compound melting at 
168-170 was 116*2? the neutralization equivalent calculated 
for the anhydride is 11800* It appears then that the corns-
pound melting at 170°, reported by Branch to be the acid, is 
actually the anhydride* 
Mesityleneboronic Acid*** Mesityleneboronic acid was 
prepared from mesitylmagnesium bromide and trimethyl borate 
25 
in approximately the same yield as reported by Hawthorne • 
The compound had a melting range of 142-144 , the literature 
value is 143-145 * 
Bromomesitylene was prepared by the bromination of 
26 
mesitylene as described in Organic Synthesis • 
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,o.-Hydroxybenzeneboronic Anhydride.- o-Hydroxyben-
zeneboronic anhydride was prepared in the same manner as 
27 
reported by Gilman . This involves a halogen-metal inter-
conversion of jo-bromophenol with two moles of n.-butyllithium 
to one mole of halogen compound followed by reaction with 
tri-n-buty3 borate and subsequent hydrolysis with dilute acid. 
A 48$ yield of crude boronic anhydride was obtained. After 
recrystallization from toluene, water-acetone and toluene the 
observed neutralization equivalent was 120.3; the calculated 
neutralization equivalent is 119.9. The melting point depends 
on the solvent used for recrystallization. 
.o-Fitrobenzeneboronic Acid.- o-llitrobenzeneboronic 
acid was synthesized by Johnson28 in 1931 by the slow addition 
of fuming nitric acid to a suspension of benzeneboronic acid 
in acetic anhydride at -15°. This procedure was used several 
times with very little success. Very little nitration occured 
and unreacted benzeneboronic acid was recovered. jD-Nitroben-
zeneboronic acid was synthesized in yields comparable to those 
reported by Johnson according to the following procedure. 
Eight and one-half g. of finely ground benzeneboronic 
acid was suspended in 90 ml. of acetic anhydride by means of 
good mechanical stirring and cooled to about 3° by an external 
ice bath. To this suspension was added 2 ml. of colorless 
fuming nitric acid (s.g. 1.5) to which a few crystals of ures 
had been added. The temperature of the reaction mixture quick-
ly rose to 9° and after the temperature returned to 3°, 2 ml. 
of nitric acid were added. Stirring was continued at ice tern-
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perature until all the benzeneboronic acid dissolved* This 
solution was poured slowly into 200 ml, of cold water arid 
stirred until the mixture became homogeneous. The solution 
was concentrated to about 50 ml* at 50 under aspirator 
pressure, 100 ml. of water added and the concentration re-
peated. 
After remaining overnight in a refrigerator, 0.5 g. 
of yellow solid was filtered off, presumably j>*nitrobenzene*» 
boronic acid, water added to the filtrate and the concentra-
tions repeated until the odor of acetic acid could no longer 
be detected. On cooling the solution a yellow solid appeared* 
Yields from 8 to 10 g. of crude o**nitrobenzeneboronic acid 
were obtained by this procedure. 
The crude acid was recrystallized several times from 
water and dried at room temperature in an atmosphere of nitro-
gen. The anhydride was obtained by recrystallizing the acid 
from benzene. The melting point of the anhydride was 148-149°; 
the neutralization equivalent 147.7. The literature melting 
point is 143.5-147*7$ the calculated neutralization equivalent 
148»9* 
o«Chlorobenzeneboronic Acid*- Due to the instability 
of jo-chlorobenzeneboronic acid in base, trimethyl borate was 
used in place of tri«»n«-butyl borate. 
The Grignard reagent was prepared from 75 g. of £-
chlorobromoibenzene, 10 g* of magnesium and 390 ml* of anhy-
drous ether* The Grignard reagent was added to 44 g» of 
trimethyl borate in 100 ml. of ether at Dry-Ice temperature 
over a period of one hour* After the solution had reached 
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room temperature, it was hydrolyzed with 180 ml. of 10$ HC1. 
The two layers were separated and the aqueous layer extracted 
with three 100 ml. portions of ether and combined with the 
main ether solution. The ether solution was dried over cal-
cium chloride and evaporated on a steam cone. A dark solution 
remained which did not solidify when cooled. Fifty ml. of a 
red liquid was distilled from the dark solution and after 
cooling the residue, a brown solid appeared. The solid was 
recrystallized from high boiling petroleum ether and then 
from water. Sixteen percent yield of pure acid, m#p* 96-97° 
instant immersion, was obtained. The neutralization equiva-
lent was determined to be 156.4. The literature m.p, is 
97-98 • the calculated neutralization equivalent 156.4. This 
acid decomposes on standing in air* 
o«Fluorobenzeneboronic Acid.- This acid is not report'-""" 
ed in the literature and was synthesized in the following manner* 
To 0*10 equivalents of n^butyllithium in 80 ml. of anhydrous 
ether was added 0.05 moles of .oj-fluorobromobenzene dissolved 
in 60 ml. of ether over a period of about eight minutes at 
Dry-Ice temperature. The highest temperature reached during 
the addition was -50°. The reaction flask was then removed 
from the Dry-Ice~acetone bath and the solution added rapidly 
to an ether solution of tri-n-butylborate at Dry-Ice tempera-
ture. After the solution had reached 0° it was hydrolyzed 
with 50 ml. of 10$ HC1» The two layers were separated and 
the aqueous layer extracted with two 100 ml. portions of ether 
and the ether extracts added to the main ether solution and 
evaporated to a small volume* The ether solution was extract** 
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ed with 160 ml. of 10^ NaOH and acidified with concentrated 
HOI. Approximately 0.8 g. (l^% yield) of crude acid was ob-
tained which was washed with petroleum ether until the wash-
ings were colorless. After two recrystallizations from water, 
the boronic acid melted at 80-85°. The anhydride was obtained 
by recrystallizing the acid from carbon tetrachloride and had 
a melting range of 203-210°. The observed neutralization 
equivalent of the anhydride was 122.2; the calculated neutra-
lization equivalent is 121.9. 
Anal. Galcd. for CgHgOgBFs G, 51.50? H, 4.32; F, 13.58. 
Pound: C, 51.30; H, 4.19; F, 13.46. 
2-Bromo-5-methoxybenzeneboronic Acid ••* This acid was 
prepared by dissolving m-methoxj^benzeneboronic anhydride in 
75 ml. "20^M acetic acid and adding a solution of sodium bro-
mide and bromine in "20^M acetic aci'd with shaking. White 
needles began to appear immediately. After cooling, in a re-
frigerator overnight, the crystals were filtered and air dried. 
The yield was 2.6 g., 90^. Recrystallization from benzene 
gave the anhydride melting at 216-218°. The melting point re-
ported in the literature is 213-215°.30 
2-Chloro-5-methoxybenzeneboronic Acid.**Murphy report-
ed that the chlorination of m«*methoxybenzeneboronic acid with 
U-chloroacetamide and concentrated HC1 produces 2-chloro«*5-me«* 
thoxybenzeneboronic acid. One recrystallization from carbon 
tetrachloride yielded a compound m.p. 93-95° whose neutrali** 
zation equivalent corresponded to C^HgOgBCl. However, when 
this work was repeated, the product had a very wide melting 
range and thi3 range was not consistent* In order to deter* 
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mine if the product of the chlorination was 2-chloro-5-me« 
thoxybenzeneboronia acid, it was hydrolyzed in an aqueous so-
lution of zinc chloride and the infrared spectrum of this 
anisoie compared with an authentic sample of p_~chloroanisole. 
The two spectra differed considerably* In view of this find-
ing, the infrared spectrum that Murphy had taken of the hy-
drolysis product was reinvestigated* The results showed that 
his product was identical with the one that was obtained in 
this work. Obviously, the chlorination does not lead to pure 
2-ehloro-5~methoxybenzeneboronic acid as was reported* 
A comparison of the infrared spectra of £-chloroani«* 
sole, .o-chloroanisole and the hydrolysis product of chloro-
methoxybenzeneboronic acid reveals the following* The 
hydrolysis product contains all the bands of jj-chloroanisole. 
Bands that appear in the hydrolysis product and are not pre-* 
sent in j>*chloroanisol e are present in o,-chloroanisole» This, 
along with the fact that the observed neutralization equiva-
lent is identical with that calculated for chloromethcxyben-
zeneboronic anhydride indicates that the chlorination produces 
two isomers* 
Diethanolamine reacts with areneboronic acids to form 
•XT 
complexes of the type shown below . 
0 — CHP 1 2 > H 2 
CfiH=B 4— i f H 
0 — C H ^ a 
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•respect* This means that 2-chloro-5-methoxybenzeneboronic 
acid reacts with diethanolamine. 
2~Ghloro-5~methoxybenzeneboronic acid was also ob-
tained directly from the reaction mixture and its infrared 
spectrum is identical to the boronic acid obtained from the 
diethanolamine complex. The other isomer, presumably 3-me-
thoxy-4-chlorobenzeneboronic acid was obtained from fractional 
crystallisation of the reaction mixture from CCI4 and also 
directly from the reaction mixture as described below. This 
isomer was hydrolyzed to chloroanisole and by comparison of 




~fi~^)B(°Eh H2° „ ^~nOGH3 
GH30 
.W 
-The procedure used for chlorination, separation of isomers and 
proof of structure is given below. To 2 g. of m-methoxyben-
zeneboronic acid dissolved in the minimum amount of hot water 
was added 1,41 g, of K-chloroacetamide and 5 ml, of concen-
trated HC1. White crystals immediately began to appear and 
after the mixture was slowly cooled to room temperature it was 
filtered. 1.2 g. of 2-chloro-5-methoxybenzoneboronic acid 
(43% yield) was obtained, which when heated in a melting point 
tube melted at 115°, resoldified and melted completely at 190-
195°, Recrystallization from either CGI4 or benzene raised the 
melting point but a consistent melting point could not be ob-
tained. The highest melting point observed for 2-chloro-5-me-
thoxybenzeneboronic acid was 220-223°. 
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Although normally esters of benzeneboronic acids hydrolyze 
rapidly, these amine esters are quite stable in aqueous so-
lution* The stability of these esters is- due to bonding 
between the boron and nitrogen atoms. By studying a series 
of diethanolamine esters of substituted benzeneboronic acids, 
32 
Musgrave and Park found that the N-H stretching frequencies 
in the 3100 cm region were lower than the frequencies nor-
mally encountered in cyclic secondary amines (piperidine -
3290 cm--*-) and were compatible with the nitrogen atom bearing 
a positive charge. In addition, the K"»H frequencies showed 
amall variations depending on the nature of the substituent 
on the ring, higher frequencies associated with electron rich 
aryl groups. 
If in the chlorination of m-methoxybenzeneboronic acid 
two isomers are formed, then they should probably be the 2-
chloro-5~methoxy-, and 3~methoxy-4«-chlorobenzenebor onic acids* 
Considering the steric factor in the formation of the 2-chlo-
ro-5«methoxybenzeneboronic acid diethanolamine.complex, one 
might expect diethanolamine to react preferentially with 3-
methoxy-4~chlorobenzeneboronic acid. Thus, diethanolamine 
was used in an attempt to separate the two isomers. 
The complex which was obtained from the product of 
chlorination of m-methoxybenzeneboronic acid has an absorption 
**1 band at 3140 cm , The diethanolamine complex was hydrolyzed 
back to the benzeneboronic acid with HC1 and the benzeneboro** 
nic acid in turn hydrolyzed to a chloroanisole. The infrared 
spectrum of this chloroanisole was compared with an authentic-
sample of ^ -chloroanisole a n d found to be identical in every 
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Anal* Calcd* for C^HgO BCls C, 45.11? H, 4.32$ 
0 1 , 19*02. Founds C, 4 4 . 8 3 ; H, 4 . 6 0 ; CI, 19 .20 . 
The f i l t r a t e was cooled in an i c e ba th for s e v e r a l 
hours and f i l t e r e d . 1.2 g . (43% y i e l d ) of presumably 3-me-
thoxy«-4>*chlorobenzeneboronic a c i d was ob ta ined , which a f t e r 
r e c r y s t a l l i z a t i o n from CC14 mel ted a t 146-151° . As w i t h 
2**chloro~5~methoxybenzeneboronic ac id a c o n s i s t e n t mel t ing 
po in t could not be ob t a ined . 
A n a l . Ca lcd . for C„HQ0,B01s C, 4 5 . 1 1 ; H, 4 . 3 2 ; 
————— i a o 
CI, 19 .02 . Found: C, 44 .98 ; H, 4 . 2 0 ; CI, 18*96. 
The chloromethoxybenzeneboronic acids were hydrolyzed 
to the corresponding chlcroanisoles by refluxing the acid in 
a solution of SnCl2 in a liquid~liquid extractor. It was 
later found that 2-chloro-5**methoxybenzeneboronic acid hydro-
lyzed in Slot water. The chloroanisoles were separated from 
the aqueous solution by means of an elongated medicine dropper 
and dried over KOH pellets. 
The diethanolamine complex of 2"Chloro-5-methoxyben~ 
zeneboronic acid was obtained by dissolving a mixture of the 
chloromethoxybenzeneboronic acids in the minimum amount of 
acetone and adding an excess of diethanolamine to it. The 
complex precipitated immediately and was filtered, washed with 
acetone and air dried. The melting point was 187-189°. Pure 
2-chloro**5-methoxybenzeneboronic acid was obtained from the 
complex by hydrolyzing with aqueous HC1» The 2-chloro«*5«me-
thoxybenzeneboronic acid was washed with cold water and air 
dried. 
Pyridine is also known to form complexes with ben-
77 
zeneboronic acids and was found to react with both haloge-
nated methoxybenzeneboronic acids to form nice crystalline 
derivatives. These derivatives were prepared in the follow-
ing manner. 
Three ml, of a pyridine-ether solution containing 
0.047 g. of pyridine were added to 0<>3 g, of 2--chloro-5«»me-
thoxybenzeneboronic anhydride* The anhydride dissolved and 
crystals immediately precipitated. These crystals were fil-
tered, washed with ether and had a melting range of 172-1750* 
Anal, Calcd. for C26H2306Cl3B3Ns C, 53,46; H, 3.97; 
H, 2.41; CI, 18.22, Founds 0, 53.64; H, 4.20? N, 2.60; 
CI, 18.38. 
A pyridine complex was also obtained from an ether so-
lution containing .053 g. of pyridine and 0.3 g. of 3-methoxy-
4-chlorobenzeneboronic acid by gently evaporating the ether 
solution. After washing with ether this compound had a melt»* 
ing range of 156~159°. 
Anal. Oalcd. for C26H2506G:L3B3Ns c» 53.46; H, 3o97j 
N* 2.41; CI, 18.22. Pounds C, 53.46; H, 4.17; N, 2.56* 
CI, 18.41. 
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II* Kinetic Procedure for Hydrolysis in Aqueous Sulfuric 
Acid at 60° 
The rates of hydrolysis were followed spectrophoto-
metrically with a Beckmann Model DU Quartz Spectrophotometer* 
The pertinent spectral data are given in table 16.. IFor o.«me~ 
thyl-, .o-fluoro**, o**methoxy*, and o,~chlorobenzeneboronic acids, 
the extinction coefficients of the hydrolysis products can be 
considered negligible so that rates followed the simple inte-
grated first-order rate equation 
kol3s. - 2»3Q3 log(2o_) 
t D 
where D0 is the absorbance at zero time and D the absorbance 
at time t. 
For ^ .-hydroxy- and mesityleneboronic acids, a wave-
length could not be found where the difference between the 
substrate and product was large enough so that the absorbance 
of the product could be ignored, For these two benzeneboro-
nic acids a modified first-order rate equation was used to 
correct for product absorption,. The equation is 
kobs. s 2* 5 0 5 loS Do -3.303 log erCl^e^Cp) 
where D^ is the measured absorbance at time t, C 0 the initial 
concentration of benzeneboronic acid and er and ep the extinc-
tion coefficients of reactant and product, respectively* When 
log er(l>m,**e-pco)> which shall henceforth be designated as log Y, 
er"*ep is plotted against time, good straight lines are obtained for 
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Table 16 
Spectral data for protodeboronation of substituted benzene-
boronic acids 
substituent(s) wave length mu e for reactant e for product 



























molar extinction coefficients obtained from Beer-Lambert plot. 
H » negligible 
o~hydroxy~ and mesityleneboronic acids* A representative plot 
for mesityleneboronic acid is shown in figure 22.* Y is deri-
ved in the following way 
Dm = D r+D p (1) 
Since D = eel where 1 s 1.00/cm. and c i s equal to the con-
cent ra t ion in m o l e s / l i t e r , ( l ) oecomes 
% s e r c r + e p c p (2) 
Din ~ cr^er**ep) + e p c o *^*) 
C r - % * e p c 0 (4) 
e r -ep 
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I>r - er(DrcrevQQ) (5) 
er-ep 
Two kinetic procedures were used, procedure A for the 
benzeneboronic acids whos-e hydrolysis products did not absorb 
at the chosen wave length and procedure B for o-hydroxy~ and 
mesitjrieneboronic acids and also for faster reactions whose 
half-lives were of the order of several minutes* 
Procedure A 
The benzeneboronic acids v/ere dissolved in water and 
an appropriate amount of this solution was pipetted into a 
volumetric flask containing the proper amount of sulfuric acid 
cooled in an ice bath. After allowing the kinetic solution 
to warm up to room temperature, distilled water was added to 
bring the solution up to the mark* The solution was then 
transferred to a glass stoppered Erlenmeyer flask and placed 
in the constant temperature bath* After the solution had 
reached 60 , (about 20 minutes), 10 ml* aliquots were removed 
at appropriate times and the reaction quenched by draining 
the pipet into a 100 ml* volumetric flask containing about 
85 ml* of cold water* When the solutions had reached room 
temperature, water was added to make the final volume 100 ml* 
and the absorbance of these solutions was measured with a 
spectrophotometer* 
Procedure B 
The kinetic solutions were prepared in the same way 
as in procedure A* Ten ml* of kinetic solution was pipetted 
into 100 ml* volumetric flasks and placed in the constant tem» 
perature bath at 60°» The reaction was quenched by taking a 
Table 22 






t ime (minutes) 
100 
82 
f lask out of the bath and d i lu t ing with ice cold water . 
The a c i d i t i e s of the k ine t ic solut ions were determined 
by t i t r a t i n g weighed samples with standard sodiutft hydroxide, 
I I I . Determination of Ionizat ion Constants of Benzeneboronie 
Acids 
Ionization constants of benzeneboronic acids were de-
termined according to the following procedure* A weighed sam-
ple of benzeneboronic acid was dissolved in 25 ml. of methanol 
and diluted to 100 ml. with carbon dioxide free water, Fifty 
ml. of this solution were removed and the pH of the solution 
measured after small increments of 1.000N NaOH were added. A 
Beckmann Model H-2 pH Meter standardized at pH 4 and 7 with 
standard buffers was used for all measurements. 
The values of pKa were calculated from the following 
equation 
pKa s pH •+ log CKBI (6) 
where QlBj is the concentration in moles/liter of benzenebo-
ronic acid and LPHj is the concentration of NaOH. 
Since some benzeneboronic acids are capable of being 
hydrolyzed and oxidized in basic solution, six benzeneboronic 
acids were tested to determine if any reaction was occurring 
during potentiometric titration. The tests were cterried out 
on 2,6 dimethoxy-, .o-methoxy-, j>*chloro**, ,o-nitro», 2~C1**5«* 
methoxy-, and 2~bromo*»5-methoxybenzeneboronic acids. The test 
was made by carrying out the potentiometric titration and com-
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paring the ultraviolet spectra of a solution of the benzene-
boronic acid that had not been titrated with an acidified 
solution of the benzeneboronic acid that had been titrated 
with sodium hydroxide. In every case the two spectra were 
identical. 
IV, Infrared Spectra 
All infrared measurements were made on a Perkin-Elmer 
Infrared Spectrophotometer Model 21. 
Table 17 
Ionization constants of benzeneboronic acids 
t . R ^1* 0^ 








. 2 7 
. 3 7 
. 10 
. 1 9 
. 3 1 
*39 
. 4 4 
. 10 
. 2 0 
. 3 0 
. 4 0 
. 5 0 
. 2 5 
. 4 1 
.59 
. 6 8 
. 7 6 
. 1 0 
. 2 0 
. ids 
8 6,82 
9 . 2 6 
9 . 6 2 
9 . 9 5 
8 . 7 9 
9 . 1 2 
9 . 4 9 
9 . 6 5 
9*79 
8 . 3 9 
8 . 7 2 
9 . 0 6 
9 . 3 7 
9 . 7 9 
8 . 7 5 
9 . 0 9 
9 . 4 8 
9 . 7 2 
1 0 . 0 4 
8 . 1 8 
8 . 6 3 
9 . 0 6 
9«>62 
9 . 6 1 
9*58 
9 . 5 4 
9 . 5 4 
9 . 5 2 
9 . 5 5 
9 . 5 1 
9 . 4 9 
9 . 0 7 
9 . 0 0 
9 . 0 3 
9 . 0 3 
9 . 0 0 
9 . 1 3 
9 . 1 2 
9 . 1 2 
9 . 1 2 
9 . 1 1 
8 . 6 8 
8 . 6 7 
8 . 7 0 
ft 
concentration in milliequivalents /50 ml. 
Table 17 (cont . ) 
/ v c, m l . o f 
s u b s t i t u e n t ( s ) c o n e , of a c i d a 1*000 N NaOH pH pKa_ 
m-CH30 0 .400 
2 , 4 , 6 t r i m e t h y l .356 
0-NO2 .365 
2 , 6 - d i m e t h o x y . 4 6 6 
0.-CH3O . 380 
.492 
2*»Bri»5' 
2 - G 1 - 5 . 
£ - C l 






. 2 0 8 
. 5 1 1 
. 5 7 4 
. 4 1 2 
. 7 2 1 
. 6 0 8 
. 0 7 
. 1 6 5 
. 2 3 0 
. 3 1 5 
• 0 4 
• 105 
. 1 5 0 
. 1 2 0 
. 1 5 5 
. 1 9 5 
. 2 2 5 
. 2 7 5 
. 2 0 0 
- 2 5 0 
. 2 5 0 
. 3 0 0 
. 0 5 0 
. 1 0 0 
• 150 
. 2 0 0 
. 2 5 0 
• 300 
. .100 
. 2 0 0 
. 3 0 0 
. 1 1 0 
• 150 
. 2 0 0 
. 0 4 
. 095 
. 1 6 0 
. 1 0 
• 20 
. 3 0 
. 1 0 
. 2 0 
• 30 
. 1 5 0 
• 2 0 5 
• 300 
• 350 
• 2 8 0 
. 3 7 5 
• 4 8 0 
. 1 0 
. 2 0 
• 30 
• 4 0 
8 . 1 1 
8 . 6 6 
8 . 9 2 
9 . 3 2 
1 0 . 3 1 
1 0 . 8 7 
1 1 . 0 5 
8 .84 
9 . 0 7 
9 . 2 3 
9 . 3 7 
9 . 6 0 
1 0 . 4 1 
1 0 . 6 0 
1 0 . 6 0 
1 0 . 8 5 
8 . 7 1 
9 . 1 1 
9 . 3 0 
9 . 5 1 
9 . 7 8 
1 0 . 0 5 
8 . 9 7 
9 . 3 7 
9 . 7 0 
8 . 1 0 
8 . 3 2 
8 . 6 4 
7 . 6 9 
8 . 2 2 
8 . 7 8 
7 . 6 8 
8 . 0 8 
8o50 
7 .90 
8 . 2 8 




9 . 9 1 
9 . 8 0 
10*01 
1 0 . 2 3 
7*52 
7 . 9 5 
8*20 
8*57 
8 . 8 8 
8 . 8 1 
8 . 7 9 
8 . 7 5 
l l o 2 1 
1 1 . 2 5 
11 .19 
9 . 1 5 
9 . 2 0 
9 . 1 7 
9 . 1 6 
9 . 2 1 
1 0 . 5 3 
1 0 . 5 4 
10*54 
1 0 . 5 9 
9 . 5 3 
9 .56 




9 . 5 6 
9 . 5 3 
9»51 
3*32 
8 . 3 0 
8 . 3 1 
8*32 
8*30 
8 . 2 7 
8 . 2 9 
8 . 2 7 
8 . 3 5 
8 . 5 8 
8 . 5 5 
8 . 5 6 
8*24 
8*23 
8 . 2 4 
8 . 2 8 






8 . 2 9 
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The chloroanisoles were run as smears and the benzene-
boronic acids as either nujol mulls or KBr pellets* 
The solTents used for determining intramolecular hy*>-
drogen bonding were spectroscopic grade chloroform, ethylene 
glycol diethyl ether distilled from lithium aluminum hydride 
and practical methylene chloride., 
V* Reactions of Benzeneboronic Acids with Hydrogen Peroxide 
1* -pH"-de-pen dent Reaction at pH 5,40 
Procedure A «• To the benzeneboronic acid dissolved in 
25 ml* of absolute ethanol were added 25 ml* of buffer A (con-
sisting of .055 IT ITaO&c, .025 M NaC104 and .025 M HOAc) and 
47*33 cc of water* The solution was placed in a constant tem-
perature bath at 25° for about 20 minutes. At this time 5 ml. 
of 0.2 IT HgOg solution also at 25.0° was added and the solution 
shaken vigorously* Zero time was taken when half the peroxide 
solution was added* Five ml. aliquots were removed at appro-
priate times and the reaction quenched by adding the aliquot to 
a solution consisting of KI, HgSO,, and ammonium molybdate. 
The peroxide concentration was determined by titrating with 
standard thiosulfate. 
Procedure 33 ~ The benzeneboronic acid was dissolved in 
5 ml. of absolute ethanol* Five ml* of buffer A were added fol-
lowed by 5.47 ml. of water. After allowing the solution to 
equilibriate at 25°, aliquots were removed and quenched as in 
procedure A. 
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The kinetics for the peroxide reactions fit the inte— 
grated second-order rate equation 
kt - 2.303 log bfa~x) (?) 
a-b a(b~x) 
where a is the initial concentration of benzeneboronic acid, 
b is the initial concentration of hydrogen peroxide and x is 
the concentration of product at time t. 
The observed rate constants are obtained by plotting 
1°S b(a-x) , hereafter designated as log B, against time and 
a(b-x) 
multiplying the slope by 2o303 • 
a**b P -j 
Since in this reaction k0tjS<i = ki +- k2 [j3010*1*0 acidj 0, 
a plot of k^g^ versus initial concentration of benzeneboro« 
nic acid gives a straight line with slope equal to k2 and in-
tercept equal to k]_. 
2. pH>»Inde pendent Reaction 
The procedure used for determining the rate constants 
of this reaction is as follows. Ten ml, of a benzeneboronic 
acid solution were pipetted into a large test tube followed by 
the correct amount of perchloric acid. The appropriate amount 
of water was then added from a buret to make the final volume 
of the kinetic solution 20 ml. One ml, of peroxide solution 
was added at zero time. Two ml. aliquots were removed at va-
rious times and the concentration of peroxide determined by 
titrating with standard sodium thiosulfate. pH measurements 
were made with a Cambridge Research Model pH Meter and a Beck** 
mann Model K-2 pH Meter* 
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3» Phosphoric Acid Catalyzed Reaction 
Fifty ml* of 10.54 M H PO were added to an appro-
priate amount of benzeneboronic acid solution. In order to 
make the final volume of the kinetic solution 100 ml., 1,1 ml. 
of water were added. Twenty-five ml., of 0»01 K peroxide solu-
tion were added at zero time* Ten ml. aliquots were removed and 
the resulting iodine solution titrated with standard thiosul-
fate* 
TABLES OF DATA 
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I . D a t a for Protodeboronat ion of Benzeneboronic Acids in Aqueous 
S u l f u r i c Acid a t 60° . 




















- . 0 3 2 
- . 1 6 4 
- . 4 5 4 
- . 5 9 4 














. 6 7 1 





- . 0 4 8 
- . 1 7 3 
- . 3 7 4 
- . 5 9 4 
- . 8 8 9 

















- . 0 5 1 
- . 1 3 1 
- . 2 1 1 
- . 2 9 6 
- . 3 9 8 
- . 5 8 8 
- • 7 6 7 
^obso 1 1 # " x 10**5 s e c « " 
2 - M e t h y l b e n z e n e b o r o n i c a c i d 













Run C - l 
5 0 . 1 7 ^ HgS04 
a b s o r b a n c e 
. 5 7 1 
. 4 8 1 
. 3 2 4 
.230 
. 1 4 9 
123 
Run C-V 




. 3 0 0 
. 0 8 0 
..060 
l i 
- 1 s e c . 
op; a b s o r b a n c e 
- . 2 4 4 
- . 3 1 8 
- . 4 9 0 
- . 6 3 8 
- . 8 2 7 
- . 9 1 0 
. 0 1 9 
- . 1 7 0 
-*369 
- . 5 2 3 
- 1 . 0 9 7 
- 1 . 2 2 S 










5 9 . 0 3 # HgS04 
1.100 
. 9 4 2 
. 7 6 5 




. 1 1 4 
. 0 4 1 
- . 0 2 6 
- . 1 1 6 
- . 2 0 6 
- . 3 7 7 
- * 5 6 1 
- . 7 3 1 
- . 9 4 3 
k o b s * 1'12 x 1 0 ' * 3 s e c *"" X 

















. 2 5 7 
. 2 1 4 
. 1 8 7 
. 1 2 7 










13 , ,74?; H 2 S0 4 
. 6 9 0 
. 6 0 3 
. 5 3 7 
. 4 6 5 
. 3 8 2 
• 316 
. 2 4 1 
. 1 8 7 
k ^ „ * 9 - 8 7 x 10" 6 s e c . " 1 










. 6 8 0 
. 5 9 1 
. 5 2 2 
. 4 8 0 
. 399 
. 2 3 4 
. 1 9 0 
k
«h„ * 4 « 6 3 * 10" 6 sec.""1 obs . 
£-Methoxybenzeneboronic acid 
Run 12 
t ime (minutes) 
0 
l o . 0 





1 1 3 . 2 
8 . 0 5 # HgS04 
a b s o r b a n c e 
• 639 
. 5 4 7 
. 5 1 6 
. 4 8 4 
. 3 3 5 
. 2 6 7 
»205 
. 1 6 8 
lOK a b s o r b a n c e 
- . 1 9 4 
- . 2 6 2 
- . 2 8 7 
- . 3 1 5 
- . 4 7 5 
- . 5 7 3 
- 0 6 8 8 
- o 7 7 5 
k o b s . » 3 - 6 2 x 1 0 " ' 6 s e c * " 
Run 13 
6 . 7 3 # H2S04 
0 . 6 7 5 - . 1 7 1 
15*2 . 5 7 8 -,»238 
4 0 . 2 . 4 6 9 - . 3 2 9 
71 .2 . 3 3 7 - c 4 7 2 
98*2 . 2 6 8 - . 5 7 2 












2 1 , 
„ S 3. 
.11# H2S04 
*700 
. 5 8 6 
. 4 9 5 
. 3 9 2 
*344 
. 2 4 2 
. 1 7 9 
*126 
. 0 9 8 
*18 x 10"*5 s e c . - 1 
— *155 
*" . cue 
- • 3 0 5 
- * 4 0 7 
- o 4 6 3 
- . 6 1 6 
**wr 
- . 8 9 9 
- 1 . 0 0 9 
o~Methoxybenzeneboronic acid 
Run 15 











. 6 9 7 
. 5 9 1 
. 4 9 3 
. 4 4 5 
.344 
. 2 3 7 
. 1 7 4 
. 1 0 3 
absorbance 
- • 1 5 7 
- . 2 2 8 
- . 3 0 7 
- . 3 5 2 
- . 4 6 3 
- . 6 2 5 
- . 7 5 9 
- . 9 8 7 
kobs.s 1 < 5 7 x 1 0~ 5 aec*"* 
Run 16 










. 6 0 2 
. 4 9 5 
. 4 1 1 
. 3 3 8 
.290 
. 1 8 8 
. 1 4 2 
. 0 9 3 
. 0 6 4 
- • 2 2 0 
- • 3 0 5 
- . 3 8 6 
- . 4 7 1 
- . 5 3 8 
- . 7 2 6 
- . 8 4 8 
- 1 . 0 3 2 
- l o l 9 4 
^ o b s . * 3 .12 x 1 0 " 4 s e c * 
9 3 
o - F l u o r o b e n z e n e b o r o n i c a c i d 


















,Run F 2 
6 4 . 7 6 $ H 2 S0 4 





. 6 3 0 
. 4 4 8 
. 2 9 3 
a 209 
k o b s . s 4 * 6 4 x 1 0 " 5 
Run F 10 
7 4 . 4 4 $ H2S04 
. 5 9 2 
. 5 7 2 
.530 
. 4 8 3 
. 4 4 3 
.410 
.354 
. 2 8 7 
. 257 
l o g a b s o r b a n c e 
. 0 4 4 
. 0 1 5 
- . 0 3 2 
- . 1 2 0 
- . 2 2 1 
~ . 3 4 9 
- . 5 3 3 
- . 6 8 0 
- 1 
s e c . 
— . 2 2 8 
- . 2 4 3 
- . 2 7 6 
- . 3 1 6 
- . 3 5 4 
- . 3 8 7 
- . 4 5 1 
- . 5 4 2 
- . 5 9 0 
k o b s . * 6 # 6 6 x 1 0 ~ 4 s e c , ~ 
Run F 11 
6 7 .54$ H2S04 
0 . 9 0 5 - . 0 4 3 
20 . 8 1 8 - . 0 8 7 
40 . 7 3 5 - . 1 3 4 
60 .674 - . 1 7 1 
80 .587 - . 2 3 1 
100 . 548 - . 2 6 1 
140 . 452 - . 3 4 5 
180 . 3 6 4 - . 4 3 9 
220 .310 - . 5 0 9 
^ o b s . * 8 .37 x 10~ 5 s e c . " 1 
£4 
o - F l u o r o b e n z e n e b o r o n i c a c i d 








Run P 12 
5 9 , 2 1 $ H2S04 
a b s o r b a n c e 
1.020 
. 8 6 5 
. 6 8 0 
. 3 2 2 
. 2 7 5 
. 2 1 2 
. 1 8 5 
lop; a b s o r b a n c e 
. 0 0 9 
- . 0 6 3 
— . 1 6 8 
-*492 
- . 5 6 1 
- . 6 7 4 
- . 7 3 3 
k o b s * s 1 * 3 S x 1 0 " i 5 s e c ' " X 
Run F 13 
7 5 . 8 0 $ H 2S0 4 
0 1.254 . 0 9 8 
3 1 .097 .040 
6 i»905 - . 0 4 3 
9 . 7 6 5 - . 1 1 6 
14 . 5 3 9 - . 2 6 8 
18 . 4 0 9 - . 3 8 8 
22 . 3 1 0 - . 5 0 9 
26 . 2 3 0 - . 6 3 8 
30 . 1 6 1 - » 7 9 3 
k o b s » s 1 - 1 3 x 1 0 " 3 s e o » " 1 
Run P 14 
7 2 . 0 2 $ H2S04 
0 1 .395 . 1 4 5 
8 1 .300 . 1 1 4 
16 1 .085 . 0 3 6 
24 . 9 5 0 --,020 
32 . 8 4 2 - . 0 7 5 
48 . 6 3 7 - . 1 9 6 
64 . 4 4 4 - . 3 5 3 
67 . 3 9 0 - O 4 0 9 
k . % 2 . 7 2 x 10**4 s e c . " 
o b s . 
95 










Run L 1 
70.60$- H s S0 4 
absorbance 
. 6 6 0 
. 6 3 2 
. 6 2 5 
. 5 8 0 
. 5 6 2 
. 4 8 2 
.-297 
. 2 6 4 
1°K absorbance 
- . 1 8 0 
- . 2 0 0 
- . 2 0 4 
- • 2 3 7 
- . 2 5 0 
- . 3 1 7 
- . 5 2 7 
- . 5 7 8 
: o b s . * 6 * 9 7 x 1 0 " 5 s e o » " * 1 
Run L 2 
? 6 . 2 3 # H 2 S0 4 
0 *718 - . 1 4 4 
7 . 6 0 5 - . 2 1 8 
11 . 5 4 5 - . 2 6 4 
16 . 4 7 5 - . 3 2 3 
24 . 3 9 5 - . 4 0 3 
29 . 3 5 2 - . 4 5 3 
36 . 2 8 7 - » 5 4 2 
43 . 2 5 2 - . 5 9 9 
k o b s . s 4 # 0 3 x 1 0 s e c * 
Run L 3 
6 5 . 4 5 $ HgSO i^ 
0 . 9 2 2 - . 0 3 6 
212 . 7 4 8 - . 1 2 7 
450 . 579 - . 2 4 0 
1052 . 2 8 3 - . 5 4 8 
1279 . 2 0 7 - . 6 8 2 
1428 . 1 7 8 - . 7 4 7 
1467 . 1 8 0 - . 7 4 5 
1519 . 1 5 0 - . 8 2 4 
k o b s . S 1 # 9 5 x 1 0 " 5 s e c * ~ 1 



























k o b s » ' 1 * 4 8 x 1 0 ~ 3 s e ° 8 " 1 
Run L 5 
73*96^ H 2 S0 4 
0 . 8 7 8 - . 0 5 6 
12 . 7 7 6 - . 1 1 0 
24 . 6 7 2 - . 1 7 0 
50 .534 - . 2 7 2 
74 . 4 0 8 - . 3 8 9 
103 . 3 2 1 - . 4 9 3 
126 . 2 6 1 - . 5 8 3 
150 . 2 1 6 - . 6 6 5 
k o b s o 8 1 - 5 7 x 1 0 " 4 S e ° r l 
Run L 6 
61.755* H 2 S0 4 
0 .594 - . 2 2 6 
144 . 547 - . 2 6 1 
4 1 3 . 5 1 5 - . 2 8 9 
1011 . 4 4 9 - . 3 4 8 
1233 . 3 9 3 - . 4 0 7 
1464 . 3 7 8 - . 4 2 2 
1760 . 3 5 5 - . 4 5 0 
2410 . 2 9 8 - . 5 2 6 
- 6 - 1 






















s 4 .68 x 10~6 seco 
Mesityleneboronic acid 
°0« 













Run If 5 
1 0 * 3 Mj 2 4 . 9 7 $ 
a b s o r b a n c e 
1*035 
. 9 9 5 
. 9 1 0 
. 8 1 0 
. 7 4 0 
. 6 1 9 
. 5 3 4 
H 2 S0 4 
l o g C 
- 3 . 8 3 9 
- 3 . 8 6 4 
~3»927 
- 4 . 0 1 4 
- 4 . 0 8 6 
- 4 . 2 5 4 
- 4 . 4 3 4 
:
^ « ' 1-39 x K T 3 s e c . " 1 
O D S . 
Run M 7 
C0s 9 .200 x 1 0 " 4 Mj 2 7 . 3 5 ^ HgS04 
0 -559 - 4 * 0 9 1 
2 . 5 1 1 - 4 . 1 4 7 
4 . 4 5 8 - 4 . 2 2 3 
6 . 4 3 6 - 4 . 2 7 5 
8 .384 -4 .359 
13 . 3 1 8 - 4 . 5 2 9 
18 . 2 6 1 - 4 . 7 6 9 
23 .246 - 4 . 9 2 4 
28 . 2 0 5 - 5 . 1 6 9 
k o W 1 .53 x 1 0 ~ 3 zee-"1 
Run M 8 
GQt 9 .200 x 10~ 4 Mj 1 0 . 4 2 ^ 1^804 
0 . 5 9 0 - 4 . 0 3 7 
10 . 5 6 2 - 4 . 0 7 0 
20 . 5 4 5 ~ 4 . 1 0 4 
30 . 5 2 0 - 4 . 1 3 4 
40 . 4 8 0 - 4 . 1 9 0 
50 -462 - 4 . 2 1 8 
60 . 4 4 2 - 4 * 2 4 8 
90 . 3 8 2 - 4 . 3 6 2 
120 . 3 3 7 - 4 . 4 7 3 
Mesitylene'boronic acid 
Run M 10 
C0: 9.086 x 10"*4 M; 19.83# H2S04 
















- 4 . 1 5 7 
- 4 , 2 2 3 
-4 .297 
-4 .376 








k . s 6.50 x 10~4 sec."1 
obs. 
.un M 16 
~
4







,97$ HgSO^ L 
- 4 , 0 9 5 
- 4 . 1 7 5 
- 4 . 2 4 3 
-4 .354 
- 4 . 3 7 6 
-4 .538 
^Obs.* 3 » 1 0 X 10"*5 S 8 0*" 1 
o-Hydroxybenzeneboronic ac id 
Run 1 
C0 j 8.166 x 10~5 Mj 33.59$ H2S04 
(minutes) 
0 























- 4 . 8 0 1 
-4 .954 
k o b s * 5 7 * 6 6 x 10""4 s e c * ~ 
Run 2 
QQi 8*166 x 10~5 M; 39.00$ HgSC^ 
0 .384 -4 .218 
3 *315 -4*364 
5 .294 -4*418 
8 .249 -4 .570 
15 .183 -4 .852 
20 .163 - 5 . 2 4 2 
23 .156 -5 .398 
k o b s * s 1*95 x 1 0 ~ 3 s e c . " 1 
Run 3 




















- 4 . 6 0 5 




k 0 b S 4 a 3 * 6 4 x 1 0 ~ 3 B 6 0 * " 1 
1 0 1 











3 s ) 
8, ,166 X 10"*° Mj 15*01! 
absorbance 
. 4 5 0 
. 3 6 0 
. 2 9 7 
. 2 4 1 
. 2 0 0 
. 1 6 7 
. 1 5 5 
% H2S04 
Ipfi G 
- 4 . 1 0 7 
- 4 . 2 5 5 
- 4 . 3 9 5 
- 4 . 5 1 7 
- 4 . 8 4 0 
- 5 . 0 9 0 
- 5 . 2 8 0 
k o b s . s 5 * 3 7 x 1Qk"5 s e c » " 
Run 5 









. 4 5 2 
• 365 
• 294 
. 2 5 1 
. 2 2 5 
. 1 7 6 
. 1 5 9 
. 1 4 8 
- 4 . 1 0 7 
- 4 . 2 4 3 
- 4 . 4 0 2 
- 4 . 5 3 7 
- 4 . 6 5 3 
- 4 . 9 8 2 
- 5 . 2 0 4 
- 5 . 4 5 9 
k o b s » * 8 a l 0 x 1 0 - 5 s e c * " 1 
Run 6 









. 4 8 1 
. 3 7 5 
.340 
. 2 9 5 
,246 
.215 
. 1 8 3 
. 1 6 9 
- 4 . 0 6 8 
- 4 . 1 8 6 
- 4 . 2 2 8 
- 4 . 2 9 0 
- 4 . 3 6 9 
- 4 . 4 2 8 
- 4 . 4 9 7 
- 4 . 5 3 2 
A 1 
II* Data for the Reactions of Ortho Substituted Benzene-* 
boronic Acids with Hydrogen Peroxide* 




a1, 0.009840 Mj b2» 0,009264 M| thiosulfate, 0.01034 U 
time (minutes) titer (mis) log B 
0 8.96 .0000 
5 8.85 .0003 
15 8.66 .0009 
30 8.38 .0018 
65 7.75 .0040 
93 7.37 .0055 
122 6.94 .0074 
155 6.54 .0092 
185 6.25 .0106 
267 5.50 .0157 
315 5.15 .0185 
365 4.80. .0215 
375 4.76 .0219 
kobs.s 3*90 x 10~3 1# m o l e" 1 sec*-1 
a in this and the succeeding tables represents the con* 
centration of boronic acid in moles/liter. 
* b in this and the succeeding tables represents the con* 
centration of hydrogen peroxide in mol^s/liter. 
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o b S f t J 5.15 x 10~3 ! • mole*1 sec -1 
.o-Methyl'benzeneboronic ac id 
Run 17 
Procedure A 








































a, 0,02015 II; br 0.01016 IT; thiosulfate, 0«01068 N 












**3 *•! **1 






























































































kobs s 3 * 8 5 x 1 0 " 3 -1* m o l e " - 1 Bec'"1 
Run 5'«2 
Procedure B 
a, 0.01672 M; b, 0.02261 Ms thiosulfate, 0.01022 N 
0 8 .85 .0000 
8 8.30 -.0100 
25 7.88 -.0193 
64 7.31 -.0334 
154 6.01 -.0790 
180 5.75 -.0912 
299 4.76 -.1570 
kobs*s 3 , 3 S x 1 0 1* m o l e s e c * 
Run P-l 
Procedure B 
a, 0.01196 M; b , 0.02261 M; thiosulfate, 0.01022 H 
0 8«85 *0000 
5 8»74 *.0043 
18 8.59 -*0120 
53 8.00 -ft0430 
132 7ol0 -.1080 
211 6*38 -.1841 
355 5»60 -.3180 






a, 0.01375 Mj b, 0.01016 M; thiosulfate, 0.01068 N 












k s 3*51 x 1 0 " 3 1 . mole*"1 s e c . " 1 


























































kobB : 3 f 3 3 x 1 0 " 3 1 ' m o l e - 1 s e c . " 1 
108 
2-Bromo-5»Methoxybenzene'boronic ac id 
Run 9 
Procedure A 



























x 10**3 1 . 
[mis), 
mole" 
log B , 
.0000 
- .0004 










s e c . 
Run 10 
Procedure A 


































fcot>s * 2 * 9 9 x 1 0 ~ 3 1 # m o l e " 1 s e c * " 1 
2-Bromo-5*»liIethoxyben2eneboronic a c i d 
Run 11 
Procedure A 
a , 0*02833 M; b , 0,009847 Ms t h i o s u l f a t e , 0.01069 1ST 











































a , 0.008375 Mj b , 0.02118 Mj t h i o s u l f a t e , 0.01022 ff 

























































k o b s . 8 2 # 7 3 x 1 0 " 3 1 # I a o l 8" 3 L sec."*1 
£»*Chloro'benzene'boronic a c i d 
Run 3 
Procedure B 




























kobs»* 3*25 x 10 - '5 1 . mole"x see* 
112 
2r6 Dimethoxybenzeneboronie acid 
Run 1 
Procedure A 
a, 0*01127 Mj b, 0.009059 Hj thiosulfate, 0.009795 H 
time (minutea) titer (mis) log B 
0 9*295 .0000 
5 9*10 *0015 
23 8.80 .0045 
40 8.52 .0077 
69 8.10 .0119 
124 7.35 »0217 
kobs*$ 2 * 9 5 x 1 Q t * 3 1 # J11016"1 sec* - 1 
Run 2 
Procedure A 
a, 0.01827 M; b, 0*009059 M| thiosulfate, 0.009795 N 
0 9*295 *0000 
15 8*66 .0145 
24 8.41 *0212 
58 7*525 .0474 
89 6.87 .0698 
147 5»78 .1148 
186 5*22 *142i 
304 3.81 .2354 
^obs * 3 * 2 3 x 1 0 " 3 1 # m o l e " s e c »~ 
113 
2*6 Dimethoxy'benzene'boronic acid 
Run 3 
Procedure A 






















- 3 - 1 
3.53 x 10 1. mole 












o-Jsi trobenzeneboronic ac id 
Run 15 
Procedure A 

































































- 3 »1 **1 
kobs»* 1.41 x 10 1 . mole sec* 
o-Hitrobenzeneboronic ac id 
Run 17 
Procedure A 
a t 0.01481 If; b , 0.009495 Mj t h i o s u l f a t e , 0.009886 BT 

























k o b s s l f c 4 6 x 1 0 ~ 3 1* mole" 1 sec.** 
116 
2 . p H - i n d e p e n d e n t r e a c t i o n 
o - C h l o r o b e n z e n e b o r o n l c a c i d 
Run 1 
pH 1.50 
a , 0 . 0 1 2 5 1 Mj b , 0 . 0 1 7 2 1 M| t h i o s u l f a t e , 0 . 0 1 0 0 2 H 
t ime ( m i n u t e s ) t i t e r (mis) l o g 3 
0 6 . 8 7 . 0000 
60 6 . 7 7 - . 0 0 2 7 
120 6 . 6 2 - . 0 0 6 2 
194 6 . 4 7 - . 0 1 0 4 
256 6 . 3 5 - . 0 1 3 4 
415 6 . 0 7 - . 0 2 2 2 
486 5 . 9 5 - . 0 2 6 1 
<w4 —1 **1 
k o b s s 4 » 6 1 x 1 0 1 # m o l e s ees 
Run 2 
pH 1.90 
a , 0 .01251 M; b , 0 .01721 M; t h i o s u l f a t e , 0 .01002 H 
0 6 . 8 7 . 0000 
64 6 . 7 5 - . 0 0 3 1 
124 6 . 6 6 - . 0 0 5 2 
197 6 . 5 0 - . 0 0 9 4 
289 6 . 3 0 - . 0 1 5 1 
421 6 . 0 6 - . 0 2 2 4 
490 5 . 8 0 - . 0 3 1 5 
»»4 " l —1 
k o b s . s 4 * 2 5 x 1 0 l u m o l e s e c * 
Run 3 
pH 2 .35 
a, 0.01251 Mj b, 0.01721 M; thioeulfate, 0.01002 N 
0 6.87 .0000 
69 6.70 -.0033 
128 6.62 -.0062 
200 6.45 -.0110 
292 6.26 -.0161 
494 5.90 -.0278 
555 5.80 -.0315 





















l o g B 
*0000 






2-Bromo-5-Methoxybenzeneboronio ac id 
Run 1 
pH 1.76 
a , 0.00430 M; b , 0.01631 M; t h i o s u l f a t e , 0,00992 N 
time (minutes) t i t e r (mis) l o g B 













0.00430 M; b , 0.01631 M; t h i o s u l f a t 
0 6.58 
68 6 .07 























- . 2 2 8 1 
- .2630 
obs< 




a, 0.00430 M; b, 0.01631 Mj thiosulfate, 0.00992 N 



















6 . 5 8 
6 .56 
e . 4 8 
6 . 4 0 
6 . 3 0 
5 . 8 0 
5 . 7 0 
5 . 6 0 
Run 4 
pH 2 .50 









6 . 5 8 
6 . 5 7 
6»42 
6 . 3 3 
ff.22 




- . 0 0 1 5 
- . 0 3 0 6 
- . 0 4 9 7 
- . 0 7 6 4 
- . 2 1 1 9 
- . 2 7 2 3 
•*• 3511 
kob S t t 4 . 6 9 x 10**
4
 1 . m o l e " 1 s e c . " 1 
pj^Methoxybenzenebororiic a c i d 
Run 4 
pH 1.65 





























o/-Methoxybenzeneboronic ac id 
Run 1 
pH 3.17 
a, 0.00978 M; b , 0,00837 Iff; t h i o s u l f a t e , 0*00514 N 
time (minutes) t i t e r (mis) l o g B 
0 6 .51 .0000 
55 6 .21 .0031 
120 6 .05 .0041 
180 5 ,91 .0059 
200 5,82 .0075 
290 5.65 .0095 
365 5.45 ,0119 
470 5,25 .0150 
k o b s * s 8.92 x 10""4 1 . mole"*1 sec.** 
Run 2 
pH 2.59 
a, 0.00978 Mj b, 0.00837 Mj thiosulfate, 0.00514 N 
0 6.51 .0000 
60 6.27 .0025 
ISO &>15 .0035 
180 5.96 .0058 
295 5.74 .0086 
368 5.54 .0109 
475 5.40 .0129 
kobs*' 7.89 x 10~4 1. mole**1 sec."1 
Run 3 
pH 2.14 

















































^ „ s 3.21 x 10~5 1. mole"1 sec."1 
Run 2 
pH 2.12 






kobs.' 4' 9 5 x 10' 
Run 3 
pH 2.60 



































o-Eltrobenzeneborcmic ac id 
Run 4 
pH 3,02 















- . 0 0 4 ? 
- . 0097 
- .0135 
- . 0 2 1 ? 
k 
obs . * 1.61 x 10**
4
 1 . mole" 1 s e c * -
Run 6 
pH 0.30 















- . 0073 
- .0104 
- .0139 
- . 0 1 2 3 







a, 0.00945 Iff; b, 0.00750 M; thiosulfate, 0.00511 N 




























^obs.2 6*89 x 10~4 1# m o l e sec*** 
Run 2 
pH 2.71 
a, 0.00945 M; b, 0.00750 M; thiosulfate, 0.00511 N 
0 5*87 .0000 
70 5.75 .0018 
270 5»63 .0038 
355 5.37 .0083 
450 5.23 .0109 
500 5*08 .0137 
1040 4*97 .0160 
1245 4.18 .0348 
kob8.l! 6* 2 4 x 10"4l» mole""1 sec." 
o-Pluorobenzeneboronic a c i d 
Run 3 
pH 2.22 


































































k o b s * 6 * 2 4 x 1 ( r 4 *• m o l e
- 1
 s e e . * 1 
127 
.o-Methylbenzeneboronic a c i d 
Run 4 
pH 1.75 








t i te r (mis) 
6 . 0 0 
5 . 8 1 
5 . 6 5 
5 .26 
5 . 0 5 





i 0 1 8 1 
. 0 2 4 2 
*0319 
k obB# J 6.35 x 10**
4



























^obs*' 5»94 x 10*4 1. mole"' sec*"" 
Run 2 
pH 2.65 
a, 0.01102 M; b, 0.00767 H; thiosulfate, 0.00511 H" 
0 6.00 .0000 
74 5.88 .0029 
146 5.73 *0060 
318 5.39 .0147 
4 31 5*21 .0196 
"549 5.03 .0247 
ko"bs.s 5 # 1 6 x 1 0 ~ 4 *• mole"1 sec**"1 
Run 3 
pH 2*15 
a, 0.01102 M; b, 0.00767 M-j thiosulfate, 0.00511 ST 
0 6*00 -0000 
74 5.87 .0027 
149 5.70 .0073 
321 5.36 ,0156 
434 5.15 .0209 
552 4.99 *0258 
kobs** 5 * 2 5 x 1 0""4 1 # m o l e " 1 *eG*ml 
3. Phosphoric acid catalyzed reaction 
2~Bromo~5«*Methoxybenzeneboronic acid 
Run 1 


































k o b s . * °»0140 1 . mole" sec."* 
Run 2 
5.33M H3P04 






















- . 0074 
- .0130 
- .0184 
- . 0211 
- .0271 
- .0310 




5 .271 H3P04 






































a, 0.005515 M; b, 0.003772 M, thiosulfate, 0.01002 N 
0 7.53 .0000 
7 7.24 .0055 
19 6.70 .0166 
30 6.30 .0260 
42 5*88 .0367 
56 5.44 .0498 
70 5*05 .0626 
84 4.71 .0752 
95 4.46 »0856 
kobs„* 0.0194 1. mole'^ sec." 
130 
o/-Methoxybenzeneboronic ac id 
Run 1 
5.27M H3PO4 



































- 1 «*i 
0.0675 1. mole sec* 
Run 2 
5.27M H3PO4 






















_~ •* **1 _ _ *»1 
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co <j cn *. w ro M 
o o o o o o o o 
H J t - j » - » t o c o c > j u > c o 
• * • > • < > • * • 
CO if* O Q» < 0 - 3 H* M 
O O I # * * » & 3 0 > - 3 K ) 
M ^ 3 ^ ^ H H O O o 
0 ) O l M O I H > 3 M O 
O t o ^ W O K l t O O 



















































a, 0.004595 H; b, 0.004077 M} thiosulfate, 0.01015 H 























































- . 0175 
- . 0258 
- . 0 4 9 3 
- . 0645 
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